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I  i. 


SJammability  and  smoke  characteripSics  of  interior  matariala 
weye  dete-rnpined  from  a  selection  of  109  materials  representative  of 
present  usage  in  the  aviation  industry.  A  comparison  was  made  of  the 
flame-reaiptant  characteristics  exhibited  by  the  different  materials  on 
the  basis  of:  (1)  test  method*  (2)  thickness*  weight*  composition  and 
backing,  (3.)  fire-retardant  treatment,  and  (4)  degradation  from  use  and 
cleaning.  By  employing,  test  methods  defined  in  FAA  Flight  Standards 
Service  Release  453  euid  Federal  Specification  GCC-T-1^ lb;,  burning, 
characteristics  were  obtained  in  terms  of  burn  rate,  burn  length,  and 
self- extinguishing  time.  A  Flame-Spread  Index  and  smoke  factor  also 
were  obtained  by  making  use  of  the  iiadiant  Panel  Test  i^paratus.  I 


INTRODUCTION 


This  project  was  designed  to  provide  technical  information  from 
standard  laboratory  fire  tests  that  could  be  used  as  a  basis  for  defining 
more  acceptable  flcime-resistcint  standards  and.test  methods  for  aircraft 
interior  materials  than  those  now  provided  by  FAA  Flight  Standards 
Service  (FSS)  Release  No.  453, 

Recent  fire  e:q)erience  in  air  transport  passenger  compartments  and 
the  development  of  new  materials  and.  test  methods  had  suggested  that 
the  present  standards  were  perhaps  no  longer  adequate.  As  part  of  the 
project  assignment,  a  laboratory  test  program  was  established  using  the 
test  equipment  and  facilities  at  the  National  Bureau  of  Standards, 
Washington,  D.  C.  Under  this  test  program,  some  100  different  mate¬ 
rials  representative  of  materials  in  current  use  in  commercial  air  trans¬ 
port  were  tested  for  relative  flammability  by  various  test  methods 
including  that  specified  in  FSS  Release  No.  453,  for  direct  comparison. 
Future  work  on  the  projec*  will  include  toxic  gas  analyses  on  the  com¬ 
bustion  by-products  of  materials  and  also  ftill-scale  cabin  fire  tests 
using  interiors  with  different  degrees  of  fire  resistance.  The  result  of 
these  tests  will  be  covered  in  separate  reports. 

BACKGROUND 

The  events  that  preceded  this  project  and  were  responsible  for  it 
being  conducted  were  foremost:  (1)  concern  with,  recent  fire  e:q)erience 
involving  interior  materials  in  air  transport  passenger  cabins,  (2)  in¬ 
creased  use  of  plastics  and  synthetics  in  interior  furnishings,  and 
(3)  development  of  new  laboratory  test  methods  and  criteria  for  evaluating 
flame-resistant  characteristics  of  materials. 

An  acceptable  procedure  for  showing  compliance  with  the  pertinent 
flame-resistant  requirements  in  CAR's  3,  4b,  6,  and  7  is  contained  in 
FSS  Release  453,  dated  November  9,  1961.  This  docvunent  is  based 
almost  entirely  on  an  earlier  Safety  Regulation  Release  259,  dated 
August  26,  1947.  The  two  docximents  establish  both  a  test  method  and  a 
burn-rate  liipit  of  4  inches  per  minute  for  showing  compliance.  However, 
a  burn  rate  of  this  magnitude  is  now  generally  considered  very  lenient. 

A  survey  of  interior  materials  in  aircraft  reveals  that  these  are  essentially 
the  same  as  those  offered  to  and  used  by  industry  in  general;  the  most 
notable  exception  among  the  aircraft  materials  being  the  vinyl-coated 
fiberglas  fabrics.  Other  exceptions  are  the  synthetic  fiber  fabrics  and 
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.  vinyl  sheets  which  are  sometimes  specially  flame -retardant  treated.  In 
any  case,  the  degree  of  Hcime  resistance  required  by  present  regvilations 
does  not  encourage  the  development  or  use  of  better  mate^i^ls  at  this  time. 
During  the  last  few  years,  however,  as  a  result  of  a  series  qf  fire  in  which 
the  interior  cabins  of  several  large  transport  aircraft  were  severely  dam¬ 
aged  (Reference  1),  the  aviation  industry  has  shown  an.  increasing  interest 
in  the  problem  of  minimizing  the  hazard  from  cabin  fires  (References  2 
and  3).  At  least  one  major  aircraft  company  has  undertaken  an  extensive 
testing  program  with  the  object  of  selecting  the  best  flame-retardant 
materials  available  from  industry  for  use  in  interior  cabins.  These  ma¬ 
terials  are  selected  according  to  their  exceptional  self-extinguishing 
properties.  A  very  high  percentage  of  the  inaterials  which  are  found  to 
pass  the  present  regulations  fail  to  meet  these  more  severe  tests. 

A  test  program  which  is  concerned  with  the  upgrading  .of  flame- 
resistant  materials  needs  to  consider,  first,  the  validity  of  the  test 
methods  employed  to  establish  new  flame-resistant  limits  and,  second, 
whether  such  new  limits  are  adequate.  Present  standards  which  are  based 
on  Federal  Specification  GCC-T-191b,  May  1951,  titled  "Textile  Test 
Methods,  "  may  be  inadequate.  This  title  raises  the  question  whether 
materials  other  than  fabrics  may  be  justifiably  considered  to  fall  in  this 
classification  since  many  cf  the  interior  materials  now  in  use  consist  of 
sheets,  laminates,  and  assemblies  of  several  components  containing 
plastics,  glass,  and  even  paper.  A  second  consideration  involves  the 
severity  of  the  test  method.  The  rapid  spread  of  fires  throughout  the 
cabins  of -large  treinsports  (Reference  1;  was  suiprising  in  view  of  the  use 
of  materials  presumably  flame  resistant. 

The  problem  of  devising  more  realistic  test  methods  and  criteria  has 
engaged  the  attention  of  the  leading  research  and  testing  laboratories. 

Test  methods  (References  4,  5,  and  6)  utilizing  large  ignition  sources, 
such  as  fire  tunnels  heated  by  large  gas  flames  and  a  radiant  panel,  have 
been  developed  for  this  purpose.  These  more  severe  methods  are  used 
extensively  for  hazard  classification  of  building  materials.  Some  of  the 
vinyl-coated  fabric  materials  now  supplied  to  the  aviation  industry  y^ere 
tested  in  a  25-foot  tunnel  and  displayed  the  Underwriters  Laboratories, 

Inc, ,  label  (Reference  7),  These  methods  also  provide  a  smoke  factor 
for  the  burning  material.  This  factor  (Reference  8).  is  receiving  increas¬ 
ing  interest  due  to  the  widespread  use  of  plastics  which,  in  general, 
produce  much  larger  quantities  of  smoke  than  do  the  cellulose-derived 
materials. 
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The  use  of  plastics  also  has  been  responsible  for  the  concern  of  late 
shown  over  the  problem  of  toxic  gases.  Normally,  the  only  toxic  gas  of 
sxifficient  concentration  to  be  dangerous  to  life  is  carbon  monoxide 
(References  8  and  9)>  In  the  case  of  some  heated  or  burning  plastics, 
however,  other  gases  more  toxic  than  carbon  monoxide  may  be  produced 
in  concentrations  <:tifficient  to  become  hazardous  (Reference  10),  Toxicity 
is  a  difficxilt  problem  to  analyze  (References  11  and  12)  since  it  depends 
to  a  large  extent  on  the  combustion  process  in  an  actual  fire.  Laboratory 
tests  conducted  on  small  samples  of  interior  materials  may  not  provide 
complete  or  sufficient  information  on  this  hazard.  Further  tests  utilizing 
a  fuUwScale  test  article  to  simulate  an  actual  fire  in  an  aircraft  to  more 
accurately  determine  toxicity  effect  of  the  materials  will  be  undertaken 
in  the  future  as  a  second  phase  of  this  project. 

Fire-retardant  treatment  is  effective  both  by  surface  coating  of  the 
fabrics  (References  13  and  14)  and  by  incorporation  of  the  chemicals 
within  the  material  itself.  Published  data,  however,  show  that  the  effect 
with  plastics  is  erratic  (Reference  15).  In  contrast,  the  salts  used  in  the 
coating  of  the  fabrics  are  generally  effective  in  making  the  material  more 
self-extinguishing  when  used  in  sufficient  quantity.  However,  the  treat¬ 
ment  is  affected  by  cleaning  agents  which  dissolve  the  salts  (Reference  16). 
Therefore,  the  treatment  must  be  renewed  to  remain  effective. 

The  work  described  in  this  report  is  concerned  mainly  with  a  study  of 
test  methods  and  their  application  to  the  fire  testing  of  aircraft  interior 
materials.  To  insure  a  satisfactory  cross  section  of  all  materials  in 
common  use  in  aviation,  over  100  materials  were  selected  from  among 
some  dozen  different  sources  including  two  aircraft  companies,  two  air¬ 
lines  and,  the  rest,  materials  manufacturers.  A  majority  of  these  ma¬ 
terials  may  be  seen  to  consist  of  vinyls  and  synthetic  f.bers  characteristic 
of  modern  interior  furni'-hings. 


DISCUSSION 


Fire  Testing 


The  ability  to  resist  fire  is  one  of  the  important  properties  of 
materials.  Materials  used  in  aircraft  and  subject  to  fire  are  divided  into 
four  classifications.  These  are  in  order  of  the  severity  of  the  require¬ 
ments  as  follows:  (1)  fireproof,  (2)  fire  resistant,  (3)  flame  resistant, 
and  (4)  flash  resistant.  The  division  between  these  classifications  is  more 
or  less  arbitrary  and  dependent  upon  the  intended  use  of  the  material. 
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Fireproof  and  fire-resistant  materials  are  generally  limited  to  the  metals, 
fiberglas.  or  asbestos.  These  materials  are  tested  for  flame  p.enetration 
through  the  material  rather  thap  flame  spread. 

The  4-inch-per-»minute  burn  rate,  which  is  the  upper  limit  of  flame- 
resistant  material?,,  with  whiph  this  project  is  concerned,  .v/as  established 
prior,  to  the  year  1947.  The  basis  for  the  acceptance  pi  this  figure  was 
the  flammability  of  doped  cotton  fabric  with  cellulose  acetate  butyrate 
which  was  used  as  a  standard  material  and  shown  to  have  a  burn  rate  of 
2-4  inches  per  .minute  in  tests  conducted  by  the  National  Bureau  of 
Standards. 

The  factors  which  determine  the  degree  of  flame  resistance  are: 

(1)  minimum  heat,  temperature  and  time  required  for  the  material  to 
ignite,  (2)_  rapidity  by  which  the  flames  propagate  once  the  material  is 
ignited,  (3)  tendency  of  .  the  flames  to  become  self-extinguishing  .upon 
remoyal  of  the  ignition  source,  and  (4)  heat  generated  by  the  burning  ma¬ 
terial.  .  Ot^er  factors  related  to  fire-resistant  requirements  are  smoke 
and  toxicity  of  the  gases  produced  by  the  burning,  material.  Various  test., 
methods  have  been  designed  to  measure  these  factors  among  which  are 
the  methods  used  in  this  investigation. 

The  equipment  used  in  the  various  tests  to  compare  the  ignition  time, 
burning  rate,  self- extinguishing  time  and  smoke  production  of  a  large  num¬ 
ber  of  matei;ials  was  that  used  by  industry  and  government. laboratories. 

To  insure  that  flame-resistant  ratings  assigned  to  the  materials  are  valid 
and  generally  acceptable,  it  is  essential  that  both  the  equipment  and  test 
procedures  are  standardized.  By  nature,  fire  tests  are  difficult  to  dupli¬ 
cate;. therefore,  complete  uniformity  in  test  methods  is  essential.  Be¬ 
cause  of  the  laqk  of  required  test  equipment  at  the  National  Aviation 
Facilities  Experimental  Center  (NAFEC),  use  was  made  of  the  facilities 
of  the  Fire  Protection  Section,  National  Bureau  of  Standards,  Washington, 
D.  C,  These  facilities  included  a  conditioning  chamber  for  the  materials, 
apparatus  for  testing  materials  in  a  horizontal  position  as  in  FSS  Release 
453,  apparatus  for  testing  materials  in  a  vertical  position,  and  apparatus 
for  testing  materials  subjected  to  a  radiant  heat  source. 

The  Radiant  ifanel  Test  .^paratus  was  developed  by  the  National 
Bureau  of  Standa.rds  and  has  achieved  widespread  use  in  testing  labora¬ 
tories  and  by  materials  manufacturers  as  a  research  tool.  The  test 
method  has  been  adopted  as  an  Interim  Federal  Standard  No.  00136b, 
December  1962,  titled  "Flame-Spread  Properties  of  Materials.  "  The 
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types  of  materials  which  may  be  tested  by  this  method  include  those  in  the 
form  of  "boards,  sheets,  structural  members,  heavy  fabrics,  finish  ma¬ 
terials,  films  or  sheets  and  combinations,  of  any  of  these.  "  Unlike  the 
Bunsen  burner  fire  tests,  this  apparatus  continues  to  heat  the  specimen 
while  it  is  vuidergoing  test,  as  would  be  the  case  in  an  actual  fire  involving 
other  surrounding  materials.  This  consideration  is  absent  in  the  Bimsen 
burner  tests  which  only  consider  the  burner  flame  as  the  sole  source  of 
heat  feeding  the  flames. 

In  addition  to  the  four  different  methods  by  which  the  materials  jvere 
compared  -  FSS  Release  453,  Horizontal  Test  Method  5906,  Vertical  Test 
Method  5902,  and  Radiant  Panel  Test  Method  -  there  exists  other  methods 
for  specific  applications  in  connection  with  flame-retardant  treated  textiles, 
plastics,  vinyl-coated  glass,  and  synthetic  fabrics.  In  addition  to  the  six 
test  methods  contained  in  Federal  Specification  CCC-T-191b,  other  recog¬ 
nized  test  methods  have  been  established:  (1)  National  Fire  Protection 
Association  (Reference  16),  (2)  American  Society  for  Testing  Materials 
(References  17  and  18),  (3)  Society  of  Automotive  Engineers  (Reference  19), 
and  (4)  Military  (Reference  20). 

Equipment  Description 


1.  Horizontal  Rate  of  Burning  Apparatus;  This  apparatus  is  used  in 
both  the  FSS  Release  453  and  CCC-T-191b  Method  5906,  and  is  shown  in 
Fig,  1.  The  essential  parts  of  the  apparatus  consist  of  a  Bimsen  burner 
ignition  source,  a  ventilated  metal  cabinet  for  draft-free  environment, 

a  specimen  holder  for  rigid  specimen  support,  and  a  stopwatch. 

2.  Vertical  Rate  of  Burning  i^paratus;  This  apparatus  is  used  in 
CCC-T-191b  Method  5902,  end  is  shown  in  Fig.  2.  The  essential  parts  of 
the  apparatus  are  a  ventilated  metal  cabinet  for  draft-free  environment, 

a  Bunsen  burner  ignition  source,  a  specimen  holder  for  rigid  specimen 
support,  a  set  of  weights,  and  a  timer. 

3.  Radiant  Panel  Flame-Spread  Apparatus;  The  apparatus  is  shown 
in  Fig.  3,  The  essential  parts  of  the  apparatus  consist  of  a  gas-fired 
radiant  panel  heat  source,  a  pilot  burner  ignition  source,  a  specimen 
holder,  a  temperature  instrumented  stack  and  a  smoke  sampler.  A  brief 
description  of  each  of  these  parts  follows: 
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a.  Radiant  Panel;  This  .provides  a  radiant  heat  source  to  the 
burning  material.  The  radiant  panel  consists  of  a  porous  refractory 
material  fed  from  the  rear  with  a  premixed  gas -air  supply.  Combustion 
is  nearly  completed  within  the  pores  of  the  refractory  material  providing 
a  uniform  temperature  of  1238°  F.  over  its  entire  area.  Dimensions  of 
the  radiant  surface  of  the  panel  are  18  by  12  inches.  A  radiation  pyro¬ 
meter,  shown  in  the  photograph,  is  used  to  adjust  the  temperature  of  the 
panel. 


b.  Pilot  Burner;  This  provides  a  flame  to  force  ignition  at 
the  top  of  the  specimen.  The  burner  consists  of  a  short  length  of 
l/8-inch  L  D.  stainless  steel  tube  with  a  porcelain  nozzle  attachment. 
The  burner  is  fed  with  acetylene,  premixed  with  air. 

c.  Specimen  Holder;  This  provides  a  rigid  support  for  the 
test  specimens  and  consists  of  a  fraine  with  a  clamping  arrangement. 
Overall  size  of  the  holder  is  19  3/8  by  6  1/4  inches,  allowing  an  exposed 
surface  of  17  5/8  by  5  1/4'inches,  The  holder  is  inclined  at  an  angle  of 
30°  away  from  the  radiant  panel  which  is  in  a  vertical  position.  Mark¬ 
ings  on  the  holder  at  3-inch  intervals  are  provided  for  timing  flame 
propagation. 


d.  Instrumented  Stack;  This  provides  means  for  measuring 
the  heat  rise  in  the  exhaust  stack  due  to  the  burning  of  the  specimen. 

Eight  chromel  alumel  thermocouples  connected  in  parallel  are  placed 
inside  the  stack  to  provide  an  average  stack  temperature  which  is 
recorded  continuously.  Airflow  through  the  stack  and  out  through  the 
hood  is  adjusted  to  a  calibrated  air  velocity  of  100  feet  per  minute  with 
no  heating  of  the  panel. 

e.  Smoke  Sampler;  This  provides  means  for  measuring  the 
smoke  density  produced  by  the  burning  samples,  A  sample  of  the  exhaust 
gases  and  fumes  is  aspirated  from  the  top  of  the  stack  through  a  filter 
paper  which  collects  the  solid  smoke  particles. 

Laboratory  Tests  and  Measurements 


1.  Horizontal  Rate  of  Burning  lest  Procedure 

*”  . . .  '  . .  ■  -  »>■■—  . . .  ,  .  I 

a.  Four  test  specimens,  13  1/4  by  3  inches,  were  cut  from  each 
sample  material.  The  fabrics  were  cat  lengthwise  to  the  warp  direction. 
(FSS  Release  453  specifies  tests  in  both  directions  of  the  weave  to 
determine  the  most  critical  direction. ) 
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b.  The  specimens  in  all  fire  tests  were  conditioned  for  at  least 
12  hours  in  a  room  at  73°  F.  +5°  F,  and  a  relative  humidity  oc  50  percent 
+5  percent. 

c.  The  burner  flame  was  adjusted  with  no  air  intake  to 
1  1/2  inches  in  height. 

d.  The  specimen  was  clamped  in  the  holder  and  positioned  inside 
the  cabinet  with  the  3/4  inch  of  the  flame  tip  directly  belov/  the  starting 
edge  of  the  specimen.  Ambient  temperature  inside  the  cabinet  measured 
between  95°  F.  and  115°  F. 

e.  Ignition  time,  or  the  time  required  for  the  material  lO  flame, 
was  recorded  from  the  instant  the  specimen  was  slid  into  position  over  the 
burner  flame  until  the  specimen  started  to  flame. 

f.  The  flame  was  removed  from  the  specimen  after  a  15-second 
exposure  only  in  the  case  of  the  FSS  Release  453  tests,  but  was  allowed  to 
remain  indefinitely  in  position  for  Test  Method  5906. 

g.  Flaming  time  was  measured  from  the  time  the  specimen 
ignited  to  the  time  the  flame  was  self -extinguished  or  reached  a  given 
calibrated  distance  marker. 

h.  Burn  length  was  measured  from  the  start  wire  position.  The 
specimens  which  were  self-extinguishing  and  those  for  which  burning  did 
not  extend  beyond  the  start  wire  (less  than  1.5  inches)  were  identified  in 
the  tabulation  of  test  data  by  the  numeral  L  The  specimens  which  burned 
beyond  the  start  wire  but  which  were  self -extinguishing  before  reaching 
the  stop  v/ire  (less  than  11.5  inches)  were  identified  in  the  tabulation  of 
data  by  the  numeral  IL  The  specimens  which  burned  the  full  length  were 
considered  as  non-self-extinguishing  and  were  identified  in  the  tabulation 
of  test  data  by  the  letter  X. 

i.  Burn  rate  was  measured  by  dividing  the  burn  length  by  the 
flaming  time.  Burn  rates  were  obtained  for  the  initial  1.5-inch  length  of 
the  specimen,  the  final  10-inch  length  of  the  specimen  and,  also,  for 
burn  lengths  in  between  these  distances.  The  flame  front  on  the  top  of 
the  sample  was  used  in  all  tests  to  detei’mine  the  burn  rate.  The  flame 
below  the  specimen,  however,  generally  traveled  ahead  of  the  flame  on 
top  of  the  burning  specimen  but  was  not  as  well  defined. 
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j.  Smoke,  odor  and  burning  characteristics  of  the  specimens 
were  noted  and  recorded. 

2.  Vertical  Rate  of  Burning  Test  Procedu.-e 


a.  Four  test  specimens,  12  by  3  inches,  were  cut  from  the  same 
sample  material,  lengthwise  to  the  warp  direction. 

b.  The  burner  flame  was  adjusted  to  1  1/2  inches  in  height  as  in 
the  horizontal  tests. 

c.  The  specimen  was  clamped  in  the  holder,  placed  inside  the 
cabinet,  and  hung  vertically  from  a  horizontal  bar,  with  the  bar  extended 
across  the  centerline  of  the  cabinet  and  supported  by  V-blocks  at  each  end. 
The  specimen  was  positioned  so  that  its  edge  was  3/ 4  inch  directly  above 
the  center  of  the  burner  barrel.  The  burner  was  slid  into  position  under 
the  specimen  to  start  the  test. 

d.  Ignition  time  was  measured  from  the  instant  the  burner  was 
placed  under  the  specimen  until  the  tinne  the  specimen  began  to  flame. 

e.  The  burner  was  removed  from  beneath  the  specimen  after  a 
It -second  exposure  and  the  test  continued. 

f.  Flaming  time  was  measured  from  the  time  the  burner  was 
withdrawn  until  the  time  the  flame  was  self-extinguished,  or  until  the  full 
length  of  the  sample  was  burned. 

g.  Glow  time  was  measured  from  the  instant  flaming  stopped 
until  the  specimen  ceased  to  emit  light. 

h.  Burn  length  was  measured  as  in  the  horizontal  tests. 

i.  Char  length  was  measured  as  the  length  of  the  material 
damaged  by  the  fire,  evidenced  by  tearing  of  the  material  by  suspending 
to  it  specified  weights.  Char  length  was  normally  less  than  burn  length 
since  the  former  represented  the  more  severely  damaged  areas  from 
burning. 

j.  Smoke,  odor  and  burning  characteristics  of  the  specimen 
were  noted.  Ignition  time  was  usually  easily  observed  since  there  was  a 
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definite  change  in  the  color  and  shape  of  the  burner  flame.  Some  of  the 
materials  such  as  synthetic  fibers  melted  and  fell  as  flaming  droplets 
which  present  a  problem.  Other  materials  burned  so  vigorously  that  the 
flames  reached  to  the  top  of  the  cabinet. 

k.  Burn  rate  was  calculated  by  dividing  the  burn  length  by  the 
total  flaming  time  including  the  12-second  burner  ejqjosure  tiine,  but 
minus  the  ignition  time.  Specimens  which  did  not  burn  the  entire  12-inch 
length  were  considered  as  self-extinguishing  and  were  identified  in  the 
test  data  by  the  nxnneral  I.  Specimens  which  burned  completely  were 
considered  non-self-extinguishing  and  were  identified  by  the  letter  X. 

3.  Radiant  Panel  Flame  Spread  Test  Procedure 


a.  Four  test  specimens,  18  by  6  inches,  were  cut  from  each 
sample  material  lengthwise  to  the  warp  direction. 

b.  A  calibration  of  the  apparatus  was  made  to  determine 
proper  radiant  panel  and  stack  temperatures. 

c.  A  filter  disk  was  weighed  and  placed  in  the  smoke  sampler, 

d.  The  specimen  was  placed  in  the  holder  and  covered  with  a 
1-inch  mesh  poultry  netting.  The  netting  was  placed  over  the  esqjosed 
area  of  the  specimen  for  mechanical  support,  A  l/2-inch  thiqk  mill- 
board  was  placed  in  the  holder  for  backing  up  the  specimen  with  a 

1 /2-inch  air  gap  separating  the  specimen  from  the  millboard, 

e.  The  pilot  burner  was  ignited  and  brought  into  position, 

f.  The  specimen  holder  was  placed  into  position  with  the 
specimen  in  contact  with  the  pilot  flame  to  initiate  the  fire  test, 

g.  Ignition  time  was  measured  from  the  instant  the  specimen 
was  in  contact  with  the  pilot  flame  until  the  time  flaming  of  the  material 
wap  first  evidenced  by  a  change  in  the  pilot  flame, 

h.  Burn  length  was  measured  from  observation  of  the  sustained 
and  continuous  flaming  of  the  material  down  the  length  of  the  specimen. 
Time  of  arrival  of  the  flame  front  at  each  succeeding  3 -inch  interval 
marker  was  measured.  Flash  fires  moving  up  and  down  the  specimen 
were  observed  with  some  materials.  These  were  disregarded  in  the 
calculations.  Burn  length  was  measured  from  the  last  3-inch  marker 
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past  which,  the  flame  was  observed  to  have  crossed.  Actual  burn  length 
as  such  was  not  recorded.  Instead,  the  flaming  times  for  the  flame  front 
to  reach  the  successive  3-inoh  positions  are.  obtained  for  use  in  the 
calculation  all  Flame-Spread  hidexes.  - 

i.  Burn  rate  was  obtained  by  dividing  the  first  3-inch  increment 
length  of  the  specimen  by  the  time  required,  eif*  -  ignition,  for  the  flame 
to  reach  the  3-ihch  marker. 

j.  A  smoke  factor  was  determined  as  the  difference  in  the 
weight  to  the  nearest  0, 1  milligrzim  (mg. )  of  the  filter  paper  before  eind 
after  the  fire  test. 

k.  A  heat  factor  was  determined  directly  from  the  rise  in  stack 
temperature  resulting  from  the  combustion  of  the  test  specimen  as  com¬ 
pared  to  that  of  an  asbestos-cement  board  vmder  the  same  standard  test 
conditions. 


l.  Flcime-Spread  Index  was  calculated  by  combining  the  flame 
propagation  velocity  and  the  heat  evolution  test  values  as  shown  by  for¬ 
mulas  in  the  Interim  Federal  Standard  No.  00136b  for  the  Radiant  Panel 
Apparatus. 

m.  Coefficient  of  variation  of  the  Flame-Spread  Index  between 
specimens  bf  the  same  sample  material  was  calculated  by  standard 
statistical  methods. 

n.  Smoke  and  burning  characteristics  of  the  specimen  were 

noted, 

4,  New,  Used  and  Dry  Cleaned  Materials  Test;  Fabric  and  rug 
materials  were  received  from  one  source  for  more  direct  and  easier 
comparison.  Both  new  and  used  materials  of  the  same  type  were  dry 
cleaned.  New  and  dry  cleaned  specimens  were  obtained  from  the  same 
sample  material.  Used  materials  were  received  in  the  soiled  condition 
that  would  be  typical  of  normal  maintenance  routine.  The  materials  were 
cleaned  in  accordance  with  a  major  air  carrier's  recommendation  and 
in  a  commercial  plant.  The  rug  material  was  cleaned  with  a  recom¬ 
mended  shampoo  amd  the  fabrics  were  cleaned  in  Stoddard  solvent.  Test 
procedures  were  identical  to  those  employed  in  other  tests. 
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Test  Results  and  Analysis 


i  !  . 

!  *■ 


1.  Horizontal  Burn  Rate  Tests;  The  materials, used  in  all  fire,  tests 
are  listed  and  described  in  i^pendix  1.  The  test  results  are  tabulated  in 
i\ppendix  Tables  1  and  IL  A  sum.^iary  of  the  test  data  is  presented  in 
Table  I  of  the  text.  Typical  fire  damage  to  a  high  and  a  low  flammable 
material  is  shown  in  Figs,  4  and  5, 

The  data  show  the  following  characteristics  for  the  materials 
subjected  to  the  standard  fire  tests: 

93  materials  tested,  of  which  - 

81  were  self-extinguishing  within  a  burn 
length  of  11,5  inches, 

60  were  self-extinguishing  within  a  burn  length 
of  1,5  inches, 

12  were  non-self-extinguishing  and  burned 
their  full  length. 

4  eilone  were  non-self-extinguishing  with  an 
average  burn  rate  of  4  inches  per  minute 
or  greater.  This  burn  rate  exceeds  the 
limit  specified  in  FSS  Release  453,  In  addi¬ 
tion,  three  more  materials  may  be  considered 
marginal  failures  in  that  one  specimen  out  of 
four  also  exceeded  this  limit. 

70  were  self-extinguishing  with  a  burn  rate  of 
0-1  inch  per  minute, 

23  were  seK-extinguishing  within  a  0,  50-minute 
flaming  time, 

(Note  that  Test  Method  5906  is  a  somewhat  more  severe  test  method  than 
FSS  Release  453  since  the  burner  is  not  removed  after  a  0. 25-minute 
flame  e^qposure. ) 

The  above  statistics  show  that  the  most  flammable  materials  were  the 
fabrics  and  rugs  as  these  showed  the  highest  flaming  time,  burn  length 
and  burn  rate.  The  uncoated  fabrics  wexe  generally  more  flammable  than 
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the  coated  fabrics.  Twelve  of  the  19  synthetic  fiber  uncoated  fabrics 
showed  a  flaming  time  longer  than  2  minutes,  while  9  of  these  showed 
a  burn  rate  of  2  -  3  inches  per  minute.  Of  those  nine  materials,  seven 
were  non- self- extinguishing  and  burned  the  full  length.  The  coated 
fabrics  were  generally  less  flammable  than  the  uncoated  fabrics  such  as 
the  synthetic  fibers;  however,  three  out  of  the  four  materials  which 
failed  the  FSS  Release  453  tests,  or  equivalent,  belong  to  this  category 
and  were  outstanding  exceptions.  These  three  materials  were  the  simu¬ 
lated  leatherettes  of  vinyl-coated  cotton  fabric  construction.  In  contrast 
to  the  vinyl-coated  cotton  fabrics,  all  vinyl-coated  fiberglas  and  dynel 
fabrics  showed  no  appreciable  burning,  as  well  as  more  rapid  extinguish¬ 
ment  within  0. 50  minute.  None  of  the  vinyl  sheet  materials  were  seK- 
extinguishing  within  less  than  1.  0  minute  although  the  burn  rate  was 
within  1.  0  inqh  per  minute  and  the  burn  distance  within  3.  0  inches. 

Only  two  other  materials  besides  the  fabrics  and  rugs  showed 
any  appreciable  burn  length.  These  were  plexiglass  and  neoprene  sponge. 
Neoprene  sponge  was  the  only  material  other  than  the  three  fabrics  with 
a  burn  rate  exceeding  4  inches  per  minute. 

The  least  riammable  materials  were  the  heavier  and  thicker 
samples  such  as  the  laminates  ctnd  assemblies  which  generally  showed 
little  or  no  burning.  In  some  cases,  although  burn  rate  and  distance 
were  negligible,  flaming  time  was  considerable  due  to  slow  burning. 

No  direct  correlation  between  flammability  and  flame-retardant 
treatment  was  evident  on  the  basis  of  scattered  tests  and  the  insufficient 
information  on  the  formvilation  of  the  materials  obtained  from  suppliers. 

In  addition  to  the  1 1  materials  marked  as  fire-retardant  treated,  it  was 
known  that  many  other  materials  also  had  been  treated  for  aircraift  use 
although  no  confirmation  of  this  was  obtained  in  writing.  Of  the  1 1  fire- 
retardant  materials,  only  2  showed  a  burn  length  in  excess  of  1.  5  inches. 

The  effect  of  both  use  and  cleaning  on  the  flame  resistance  of 
the  material  was  not  apparent  on  the  four  uncoated  fabrics  and  three  rug 
materials  tested.  No  information  of  any  cher.iical  coatings  that  could 
have  been  applied  in  the  manufacture  of  there  materials  to  decrease 
their  flammability  was  available.  Therefore,  it  was  not  possible  to  infer 
any  effect  from  the  leaching  out  of  the  chemical  salts  deposited  in  the 
fabrics  which  may  result  from  dry  cleaning.  Presumably,  many  of  the 
fabrics,  plastics,  and  paper  listed  had  some  degree  of  flame-retardant 
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treatment.  The  fire-retardant  chemicals  are  incoxporated  'within  the  'vinyl 
materials  rather  than  deposited  on  the  surface  as  in  fabrics;  therefore, 
these  materials  were  not  affected  by  the  solvent  action  of  cleaning  agents. 

Test  resvilts  utilizing  FSS  Release  453  Test  Method  for 
comparison  to  Tes<  Method  5906  are  conteined  in  Appendix  2,  Table  IL 

2.  Ve?:tical  Burn  Rate  Tests;  A  smnmary  of  the  test  results 
contained  in  Appendix  2,  Table  m,  is  presented  in.  Table  II  of  the  text. 

The  data  show  the  follo'wing  characteristics  of  the  materials  tested: 

93  materials  tested,  of  which  - 

67  were  self-extinguishing  within  a  burn 
length  of  12  inches. 

37  were  self-extinguishing  within  a  burn  length 
of  3.  0  inches. 

26  were  non-seK-extinguishhiig  and  burned 
their  full  length. 

59  were  self-extinguishing  within  a  0.50 -minute 
flaming  time  following  burner  flai'ne  removal. 

31  were  self-extinguishing  with  a  burn  rate  of 
0-10  inches  per  minute. 

The  above  statistics  show  that  the  most  flammable  materials 
were  again  the  fabrics  and  rugs,  especially  the  uncoated  fabrics.  Burn 
rates  of  greater  than  30  inches  per  minute  were  obtained  for  four  fabrics 
including  two  dacrons.  Only  9  of  the  19  uncoated  fabrics  were  self¬ 
extinguishing  and  only  4  of  those  within  0.  50  minute.  These  latter  mate¬ 
rials  were  the  dacron  or  nylon  fabrics.  In  contrast,  21  of  the  28  coated 
fabrics  were  self-extinguishing  'within  0,  50  minute.  This  number  in¬ 
cluded  the  11  coated  fiberglas  fabrics  and  the  4  coated  dynel  fabrics,  the 
latter  which  showed  zero  flaming  time.  The  most  flammable  fabrics  were 
again  the  vinyl-coated  cotton  materials.  Of  13  such  materials,  5  were 
non-self-extinguishing  and  burned  the  full  length.  These  again  included 
the  simulated  leatherettes. . 
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All  uncoated  fabrics  showed  a  bum  length  of  3.  0  inches  or  more. 

In  contrast,  13  of  the  28  coated  fabrics  showed  a  bum  length  of  3, 0  inches 
or  less.  Both  flaiming  time  and  bum  length  were  generally  greater,  while 
the  corresponding  burn  rate  was  less  for  the  uncoated  thcin  the  coated 
fabrics.  The  majority  of  the  coated  fabrics  burned  at  the  rate  of  10  -  20 
inches  per  minute  compared  to  10  inches  per  minute  or  less  for  the 
uncoated  fabrics. 

Only  one  of  the  two  leathers  was  self-extinguishing. 

Out  of  seven  rugs,  four  were  self -extinguishing  but  the  time 
exceeded  2,  0  minutes,  which  was  also  typical  of  the  heavier,  slower 
burning  sheet  materials. 

It  shotild  be  noted  that  in  the  vertical  test  method,  in  contrast  to 
the  other  methods,  both  sides  of  the  materials  are  subject  to  the  burner 
flame.  Ih  the  case  of  the  rugs,  both  the  face  and  the  padding,  or  backing 
laminate,  were  exposed  to  the  burner  flame.  Thus,  in  one  test  the  foam 
rubber  backing  burned  completely  while  the  wool  face  material  burned 
less  than  3,  0  inches.  The  vertical  test  is  severe  for  materials  with  a 
flcimmable  e^qposed  imdercoating. 

The  least  flammable  materials  were  again  the  heavier  and 
thicker  rigid  laminates  and  assemblies. 

Again,  no  positive  effect  of  fire-retardsuit  treatment  in  reducing 
the  flame  resistance  of  the  materials  was  evident. 

Further,  definite  test  results  showing  that  either  the  new,  used, 
or  dry  cleaned  condition  of  the  material  affected  its  flammability  were 
scattered  and  inconclusive, 

3.  Radiant  Panel  Flame-Spread  Index  and  Smoke  Factor  Tests;  A 
summary  of  the  test  results  contained  in  Appendix  2,  Table  IV,  is  pres ented 
in  Table  III  of  the  text.  The  test  data  show  the  following  characteristics 
for  the  materisils: 

98  materials  tested,  •  of  which  - 

65  were  self-extinguishing  within  a  burn  length 
of  15  inches. 

44  had  a  Flame-Spread  Index  rating  of  0  -  50, 


14 


28  had  a  Flame-Spread  Index  rating  of  0  -  30. 

54  had  a  smoke  factor  of  0  -  2  mg. 

34  had  a  smoke  factor  of  0  -  1  mg, 

29  had  a  Flame-Spread  Index  rating  of  0  -  50 
and  smoke  factor  of  0  -  2  mg, 

25  had  a  Flame-Spread  Index  rating  of  0  -  30 
and  smoke  factor  of  0  -  2  mg, 

18  had  a  Flame-Spread  Index  rating  of  0  -  30 
and  smoke  factor  of  0  -  1  mg. 

The  above  statistics  show  that  all  categories  of  materials,  in 
contrast  to  the  burner  flame  tests,  are  flammable  and  will  burn.  The 
greater  severity  of  the  fire  tests  with  the  Radiant  Panel  burns  the  heavier 
and  thicker  materials  that  remain  unaffected  by  the  Bunsen  burner  flame, 
thus  providing  flammability  test  data  for  all  categories  of  interior  mate¬ 
rials,  The  tendency  of  the  Radiant  Panel  tests  is  to  raise  the  flammability 
ratings  of  the  fabrics  with  reference  to  the  other  categories  of  materials 
which  is  just  the  opposite  of  that  which  is  shown  by  both  the  horizontal  and 
vertical  burn  rate  tests. 

Since  the  Flame-Spread  Index  is  determined  in  part  by  the  heat 
generated  by  the  burning  samples,  a  dependence  on  weight  of  the  com¬ 
bustible  materials  should  be  escpected.  Thus,  materials  which  showed  the 
smallest  index  ratings,  therefore  the  best  flame  characteristics,  were 
seen  to  be  the  fabrics,  especially  the  very  sheer  and  light-weight  syn¬ 
thetics,  Outside  of  this  group,  the  vinyl  and  mylar-clad  aluminum 
laminates  also  had  exceptionally  good  (low)  Flame-Spread  Index  charac¬ 
teristics,  All  five  vinyl  laminates  in  this  group  showed  a  Flame-Spread 
Index  rating  below  50  and  a  smoke  factor  below  2,  0  mg. 

Outstanding  performcince  was  shown  by  the  vinyl-coated  dynel 
fabrics  and  the  sheer  uncoated  dacron  fabrics.  The  six  fabrics  of  this 
type  having  an  average  weight  of  less  than  0,  7  pound  per  square  yard 
showed  a  Fleime-Spread  Index  rating  of  )nly  0-10  and  a  smoke  factor  less 
than  1,  0  mg.  In  addition  to  their  light  weight,  the  dynel  fabrics  appar¬ 
ently  owe  much  of  their  exceptional  low  Flame-Sprea.d  Index  characteris¬ 
tics  to  the  tendency  of  the  material  to  shrivel  up  and  ptill  away  from  the 
flame  or  heat,  thus  decreasing  its  susceptibility  to  fire.  Nylons  definitely 
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tended  to  show  an  increase  in  Flame-Spread  Index  with  weight  and, 
likewise,  for  addition  of  metal  fibers  to  the  fabric.  Out  of  15  materials 
with  a  Flame-Spread  Index  rating  of  0  -  10,  9  were  fabrics;  while  cut 
of  28  materieiis  with  a  Flame-Spread  Index  rating  of  0  -  30,  13  were 
fabrics. 


The  vinyl-coated  fiberglas  fabrics  again  showed  superiority 
over  the  vinyl-coated  cotton  fabrics  by  comparison  of  the  index  ratings. 
Out  of  a  total  of  10  fiberglas  fabrics,  6  had  an  index  rating  of  0  -  50, 
Out  of  a  total  of  10  cotton  fabrics,  5  had  an  index  rating  of  300  plus. 
Only  two  of  the  cotton  fabrics  had  an  index  rating  of  0  -  50. 

The  two  leathers  showed  a  Flame-Spread  Index  rating  of 
100  -  300  with  a  relatively  low  smoke  factor  of  0  -  1  mg. 

The  five  rugs  also  showed  a  Flame-Spread  hidex  rating  of 
100  300  but  with  a  much  higher  smoke  factor  with  the  exception  of  one 

rug. 


Sheet  materials  showed  considerable  variation  in  index  ratings. 
These  included  the  two  neoprene  foams  with  a  Flame-Spread  Index 
rating  over  1500,  In  contrast,  some  vinyls  and  one  neoprene  showed 
an  index  rating  as  low  as  0  -  10  which  may  have  been  due  to  the 
exceptional  fire-retardant  treatment  of  the  particialar  material. 

Of  13  assemblies,  6  showed  a  Flame-Spread  Index  rating  of 
0  -  50.  Five  of  these  six  materials  had  a  vinyl  or  plastic  fiberglas 
covering  or  were  vinyl-bonded  to  alumin\un.  The  sixth  was  an  assembly 
vdth  a  plastic  covering  on  polyester  sheet  backing. 

Four  of  the  five  paper  honeycomb  assemblies  had  a  Flame- 
Spread  Index  rating  of  50  -  100,  and  one  had  a  Flame-Spread  hidex 
rating  of  30  -  50. 

The  smoke  factor  genercilly  increased  with  the  thickness  or 
weight  of  the  material  as  well  as  with  the  Flame-Spread  Index.  Vinyls, 
as  is  well  know^l, .  were  shown  to  be  very  productive  of  smoke,  especially 
the  heavier  vinyl  sheets. 

Further,  the  vinyl-coated  fabrics  with  an  index  rating  of  0  -  50 
also  showed  a  large  smoke  factor  of  nearly  2  mg.  which  was  twice  that 
for  the  uncoated  fabrics. 
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Reflectivity  of  the  materials  was  e3q>ected  to  be  a  factor  in 
reducing  the  Flcime-Spread  Index,  particularly  in  this  test  method  em¬ 
ploying  radiant  heat.  This  was  shown  to  be  the  case  for  two  mylar  sheets 
one  of  which  was  aluminized  and  both  identical  except  for  reflectivity. 

Backing  of  the  material  was  expected  to  be  a  factor  affecting 
the  Flame-Spread  Index  because  of  the  severity  of  the  test  method.  This 
was  shown  by  testing  separately  the  materials  making  up  the  whole  assem 
bly.  One  assembly  showed  a  small  change  in  index  because  its  immedi¬ 
ate  backing  material  was  less  flammable  than  the  surface  material.  In 
this  case,  the  1-inch  thick  more  highly  flammable  paper  core  was  too  far 
removed  from  the  heated  surface  material  to  affect  the  index  of  the  whole 
assembly.  In  contrast,  another  assembly  showed  that  the  more  exposed 
highly  flammable  polyether  foam  backing  significantly  increased  the 
index  of  the  fabric  covering. 

Test  results  on  the  effect  of  fire-retardant  treatment  on  the 
Flame»-Spread  Index  were  conflicting  in  that  these  resxilts  indicated,  if 
anything,  a  slight  increase  in  the  Flame-^read  Index, 

Test  results  showing  the  effect  of  use  and  cleaning  of  the 
materials  on  the  Flame-Spread  Index  were  again  inconclusive.  Only  one 
rug  material  showed  a  definite  increase  in  index  with  use  and  after  sham¬ 
pooing,  However,  the  effect  of  increasing  significantly  the  index  of  one 
low  index  curtain  material  by  spot  cleaning  with  perchloroethylene  was 
shown. 


The  two  detergents,  one  deodorant,  and  perchloroethylene  used 
in  cleaning  aircraft  materials  were  showi.  not  to  be  flammable  by  a  wick 
test. 


4.  Comparison  of  Test  Methods  and  Results;  A  comparison  of  the 
test  data  obtained  by  the  different  test  methods  shows  that: 

a.  Burn  rate  by  the  vertical  test  method  was  of  the  order  of 
10  times  more  rapid  than  that  by  the  horizontal  test  method  with 
comparative  increase  in  burn  length. 

b.  Self-extinguishing  time  by  either  the  horizontal  or  vertical 
test  method  was  of  the  same  order  of  magnitude. 
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c.  Burn  rate  measurements  by  the  FSS  Release  453  Test  Method 
closely  agreed  with  those  obtained  by  Test  Method  5906  (Horizontal)  since 
the  two  methods  are  essentially  the  same. 

d.  The  vertical  test  method  is  somewhat  more  severe  than  the 
horizontal  test  method  in  that  fewer  materials  were  shown  to  be  self¬ 
extinguishing.  A  burn  length  of  12  inches  by  the  vertical  test  method  was 
roughly  equivalent  to  a  burn  length  of  1.  5  inches  by  the  horizontal  test 
method. 


e.  The  majority  of  materials  were  self-extinguishing  by  both 
test  methods;  therefore,  this  property  may  be  used  as  a  test  criteria  for 
the  flame  resistance  of  materials  by  either  method  in  the  place  of  the  less 
severe  requirement  of  a  given  maximum  burn  rate.  This  test  criteria  is 
especially  applicable  to  the  vinyls  which  by  nature  are  self-extinguishing. 
In  the  case  of  the  uncoated  fabrics,  however,  a  self-extinguishing  re¬ 
quirement  would  be  severe  since  about  one-third  of  the  materials  tested 
would  fail  to  meet  this  requirement  in  the  horizontal  test  method,  and 
about  one-half  in  the  vertical  test  method. 

f.  Tests  showed  that  a  requirement  for  flame  resistance  based 
on  a  given  burn  length  rather  than  on  a  burn  rate  is  the  more  practical  of 
the  two  for  the  self-extinguishing  materials  which  comprise  the  bulk  of 
the  materials  tested  by  both  methods.  This  is  because  burn  rate  meas¬ 
urements  in  the  hori.zontal  test  method  are  considered  valid  only  outside 
the  influence  of  the  burner  flame  (start  wire  -1.5  inches).  It  has  sig¬ 
nificance  and  is  applicable  only  to  the  more  flammable  materials  which 
show  continuous  burning  with  a  well-defined  self-sustained  flame  over  the 
entire  length  of  the  test  sample.  It  should  be  noted,  however,  that  the 
majority  of  materials  were  self-extinguishing  before  reaching  the  start 
wire;  hence,  no  burn  rate  figures  woixld  be  available  if  this  test  alone 
were  vi.sed. 


g.  Tests  showed  that  the  flame  resistance  by  the  vertical  test 
method  based  on  a  maximum  self-extinguishing  time  of  0.  50  minute  is 
about  equal  to  a  maximum  burn  length  of  1.  5  inches  by  the  horizontal  test 
method. 


4~* 


h.  The  majority  of  the  materials  were  self-extinguishing  within 
less  than  1.  0  minute  by  either  the  vertical  (75  percent)  or  horizontal 
(50  percent)  test  methods. 
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i.  The  Radiant  Panel  Test  Method  is  the  most  severe  of  the  four 
test  methods. 

j.  The  Radiant  Panel  Test  Method  is  relatively  less  severe  on 
the  fabrics  than  on  the  heavier  and  thicker  materials  in  comparison  to  the 
Bimsen  burner  test  methods  which  show  the  opposite  results. 

k.  The  Radiant  Panel  Test  Method  alone,  due  to  its  large  heat 
source,  has  the  capacity  to  penetrate  the  thin  covering  materials  of  some 
assemblies  to  indicate  to  some  extent  the  flame  resistance  of  the  immediate 
backing  component  material. 

l.  The  Radiant  Panel  Test  Method  is  the  only  method  that  yields 
a  Flame-Spread  index  rating  which  takes  into  account  the  heat  generated 
by  the  burning  sample. 

m.  The  Radiant  Panel  Test  Method  is  the  only  method  that  yields 
a  smoke  factor  value  in  addition  to  a  rating  for  flame  resistance, 

n.  Although  the  Radiant  Panel  Test  Method  is  fundamentally 
different  than  the  Bunsen  burner  test  methods,  low  Flame-Spread  hidex 
ratings  for  the  materials  tested,  nevertheless,  are  in  good  agreement 
with  requirements  for  both  short  burn  length  and  rapid  self-extinguishing 
time  to  indicate  superior  flame-resistant  requirements  by  either  test 
method.  Thus,  of  a  total  of  29  materials  with  a  Flame-Spread  Index  of 
0-50  and  a  smoke  factor  of  0  -  2  mg. ,  25  of  these  materials  show  both 
a  burn  length  of  less  than  1.5  inches  (by  the  horizont'd  test  method)  and  a 
self-extinguishing  time  of  less  than  0.  50  minute  (by  the  vertical  test 
method).  The  four  materials  which  are  exceptions  and  do  not  meet  all 
three  conditions  listed  above  are  the  nylons.  Because  these  materials 
melt  and  drip  in  the  Radiant  Panel  Test  Method,  it  was  difficult  to  obtain 
reproducible  data  using  this  method. 
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CONCLUSIONS 


Based'on  an  analysis  of  the  test  results  obtained  on  109  different 
aircraft  interior  materials  and.from  a  comparison  of  the  four  test  inethods 
to  achieve  these  results,  it  is  concluded  that: 

1.  The  FSS  Release  453  Test  Method  is  not  a  suitable  test  procedure 
for  materials  other  than  fabrics. 

2.  There  are  many  materials  presently  available  and  in  use  today 
which  are  self~extinguishing  and  which  far  exceed  the -flame-resistant 
characteristics  required  by  a  4-inch-per-minute  m^imum  burn  rate. 

3.  On  the  basis  of  the  tests  conducted,  the  vertical  test  method  is 
a  satisfactory  alternate  to  FSS  Release  453  as  a  test  method  for  fabrics 
that  are  self-extinguishing. 

4.  The  Radiant  Panel  Test  Method  is  capable  of  covering  the  entire 
flcimmability  range  of  the  interior  materials  tested,  thue  providing 
Flame-Spread  Index  ratings  indicative  of  the  degree  of  flame  resistance. 

5.  The  large  number  of  interior  materials  containing  vinyls  or 
other  plastics  produce  greater  qxiantities  of  smoke  during  burning  than  do 
the  cellulose-derived  materials  of  the  same  flammability  range. 

6.  The  effect  of  the  condition  of  the  material  whether  new,  used,  or 
cleaned  on  the  flame  resistance  of  the  fabrics  and  rugs  tested  was  nut 
significant. 
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TABLE  I 


DATA  SUMMARY  FOR  HORIZONTAL  TESTS  -  METHOD  5906 


#Flame-retardant  treatment. 

Code 

F  -  Fabric 

1  -  Uncoatcd,  i  -  Coated,  3  -  Leather 

R  -  Rug 

1  -  Unpadded,  2  -  Padded 
S  -  Sheet,  L  -  Laminate,  A  -  Assembly 

1  -  Flexible,  2  -  Semi-rigid  3  -  Flexible 


Class 

I  Burned  less  than  1.  5  inches  (start  wire). 

II  Burned  less  than  11.  5  inches  (stop  wire). 

X  Burned  full  length. 

Note  (1)  Burn  rate  measured  from  start  wire. 
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TABLE  I  (Continued) 


DATA  SUMMARY  FOR  HORIZONTAL  TESTS  -  METHOD  5906 


Materiel 


Class 


No.  Code  I 


U 


67 


89 


F3 


Flaming  Time  (min. ) 


0- 

0.5 


0.5- 

1.0 


1.0- 

2.  0  2.  0+ 


Burn  Rate^^^  (in.  /min. ) 


0-1  1-2  2-3  3-4  4+ 


Total  Burn  Length  (in. ) 

TT:  tTT- 

3.5  7.5  11.5 


1 

12 

IS" 


R1  O 


41 

100 


27 

99 


R2 


10 

47 


SI  O 


"ST 

HE 

91 

95 

95" 

97 

98 

107 

108 


35 


S2  O 


>9 


11 

<■30 

*31 

32 

*33 

34 

77 


S3  O 


25 

29 

57 


LI  O 


58 

59 


L2  O 


85 

IE 

87 

88 

76 

80 

81 

82 

83 

84 


L3  O 


Total  93  60  21  12 


18 


22  16 


32 


70 


12 


*Flainc-retardant  treatment. 

Code 

F  -  Fabric 

1  -  Uncoatedt  2  -  Coated,  3  -  Leather 
R  -  Rug 

1  -  Unpadded,  2  -  Padded 
S  -  Sheet,  L  -  Laminate,  A  -  Assembly 

1  -  Flexible,  2  -  Semi-rigid,  3  -  Flexible 


Class 

I  Burned  less  than  1.  5  inches  (start  wire). 

II  Burned  less  than  11.5  inches  (stop  wire). 

X  Burned  full  length. 

Note  (1)  Burn  rate  measured  from  start  wire. 
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TABLE  n 


DATA  SUMMARY  FOR  VERTICAL  TESTS  -  METHOD  5902 


Material  Class 


Flaming  Timet*)  (min.) 

0-  0. 5  1.0 

1.0  2.0  2+ 


Burn  Rate  (in.  /min. ) 
0-  10-  20- 


2 


Burn  Length  (in. ) 


TABLE  n  (Continued) 


TABLE  in 


DATA  SUMMARY  FOR  RADIANT  PANEL  TESTS 


♦Flame-retardant  treatment _ -  Complete  information  not  available 

Code:  F  -  Fabric  R  -  Rug  S  -  Sheet,  L  -  Laminate,  A  -  Assembly 


1  -  Uncoaied,  i  -  Coated,  1  -  Unpadded  1  -  Flexible,  2  -  Semi-rigid, 

3  -  Leather  2  -  Padded  3  -  Rigid 


TABLE  in  (Continued) 


DATA  SUMMARY  FOR  RADIANT  PANEL  TESTS 


«•  Flame-retardant  treatment  -  Complete  information  not  available 

Code:  F  -  Fabric  R  -  Rug  S  -  Sheet,  L  -  Laminate,  A  -  Assembly 

1  -  Uncoated,  2  -  Coated,  1  -  Unpadded  1  -  Flexible,  2  -  Semi-rigid, 

3  -  Leather  2  -  Padded  3  -  Rigid 
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VENTILATION  HOLES  DIAMETER 


FIG.  2  VERTICAL  RATE  OF  BURNING  APPARATUS 


HIGH  FLAMMABLE  MATERIAL 


APPENDIX  1 


MATERIALS  DESCRIPTION 
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MATERIALS  DESCRIPTION  (Continued) 
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0.011  0,51  Fabric  (C)  Covering  -  Vinyl  backed  by  Dynel 
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0.50  5.17  Assembly  Window  panel  Vinyl  clad  aluminum  (one) 

with  Fiberglas  pad  (1/2") 
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MATERIALS  DESCRIPTION  (Continued) 


0.035  3.80  Laminate  (R)  Closure  panel  Vinyl  clad  aluminum 
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0.32  3.77  Rug  (P)  Flooring  Wool  backed  by  Cotton  and 

Jute  with  Foam  Rubber 
padding 
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Code  and  Designation 

Fabric  S  -  Sheet,  L  -  Laminate,  A  -  Assembly 

1  -  Uncoated  (UC) ,  2  -  Coated  (C),  3  -  Leather  1  -  Flexible  (P),  2  -  Semi-rigid  (SR),  3  -  Rigid  (R) 

Ru8  FR  -  designates  flame- retardant  treatment.  List  includcc; 

1  -  Unpadded  (UP),  2  -  Padded  (P)  Nos.  30,  31,  33,  42,  44,  46.  70.  92.  93.  94  and  109. 


APPENDIX  2 


FLAMMABILITY  TEST  DATA  ON  INTERIOR  MATERIALS 


LIST  OF  TABLES  (APPENDIX  2) 


Table 

I 

n 

m 

IV 


Test  Method  5906  -  Horizontal 

Part  1  -  General  Tests  -  Representative  Materials 

Part  2  -  Special  Tests  -  New,  Used  and  Cleaned  Materials 

Test  Method  FSS  Release  453 

General  Tests  -  Representative  Materials 

Test  Method  5902  -  Vertical 

Part  1  -  General  Tests  -  Representative  Materials 

Part  2  -  Special  Tests  -  New,  Used  and  Cleaned  Materials 

Test  Method  NBS  Radiant  Panel 

Fart  1  -  General  Tests  -  Representative  Materials 

Part  2  -  Special  Tests  -  New,  Used  and  Cleaned  Materials 


a-\-p 


Parc  1  -  General  Tests  -  Represencacive  Kacerials 


Parc  I  -  General  Teara  -  Repreaencative  Haterlala 


■9 


I 

r 

« 

s 


^  e 

sH 

•H  O 

a*  ^ 


«  a| 

4J 

e 


a  3  i<i 

S  8Si 

“a*"! 


£ 

%£ 

e 

51  *0 : 


“1 


o  o  o  o| 


•  <n  *r»  ^ 

B  <n  n  n  rt 

0  d  d  d  d 


I  = 


«  •«  «  «  o 


2sd 


O  CO 

o  <n 


ITN  ^ 

o  o  o 

d  d  d 


PJ  M  >f 
^  ^ 


I  P«  «  iTk 

I  #n  cn  «n  <nj 


K  X  X  K  M 


o  o  o  o  o 

d  d  d  d  d 


^  ^ 


GO  «n  rv  f%  < 


o  o  o  o  o| 


r»  cn  n  p>  >f 

^  ^  ,.4  ^1 


P4  C4  <>4  N  M| 
P<  PC  C4  P<  (S 


m  O*  ^  tA  K 
CM  e4  (A  N 


X  X  X  X  x| 


o  o  o  o  o 

d  d  d  d  d 


lO  lA  O  I/. 


O  rv  o  CO  9 
^  o  -*  o  o 


o  o  o  o  oi 


'T  'a  «a  ^  >J 

^  ^  ^  X| 


ov  «a  o  ^ 

^  r*» 


,  O  p*  »^| 


O  O  O  CO  ro 

d  d  d  d  CM 


o  o  o  o 


o  o  o  o  o 


«e  o  o  m 

r«  ^  <,D  o 


CM  CA  M>  O^ 
M  ^  O  O 


CM  fN  lA  >0  f** 

^  o  o  d  d 


»  p-  CM  m 
PC  CO  r**  o>  ON 


•-C  o  O  O  0| 


o  o  o  o  o 


M>  M>  «o  >: 


*1 

i. 


2-2 


1.0 _ ^ 


Part  1  -  General  Testa  -  Sepresentat ive  Materials 


0.35  0.0  I  Heavy  ssoke;  acrid  odor 

0.05  0.37  0.0  I 

0.05  0.30  0.0  1 

0.05  0.18  0.0  I 

0.05 _ 0.30 _ 0^0 _ I 


TABLE  Z  (Continued) 


« 

H 


4J 

U 

0 

a« 


ri  c 
it  o 

r< 


«  C 
*4  ^ 
U 

•r<  to 


«  n* 

t; 

0  *0  3 

«  «J  . 
U  4J 

6  9  M 
«  0 
9  «  w 
«  ^  W 


e 

o  , 
S 

4J  6 


•o 

•wl 

u 


*o 


■§ 

o 

•o 

ti 


i 

S' 

0 


§•0  *0 
0  o 
a  0. 

0  Cj  &  & 
u  u  G 


0  H  H 


o  to  rs 
«  «  •  • 
«o  ^  ^ 

M  M  M  H  H 
M  H  M  H  H 

o  o  o  n 
•  •  •  • 

(O  ^  to  (O 

Ok  e  O  O  Ot 

to  04  *0  to 

O  ^  ^ 

XHHH 

H  H  H  M  H 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

0>  to  ^ 

»  »  •  •  • 

o  o  o  o  o 

H  H  H  H  H 

o  o  o  o 
«  •  •  • 
o  o  o  o 
^  ^  ^ 

O  O  O  O  O 
«  •  »  •  « 
o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

O  O  O  O  O 

O  O  O  O  O 

o  to  ^  <  n 

^  yO  f-t  ti 

o  o  o  o  o 
•  •  •  •  » 
o  o  o  o  o 

cin  fs.  o 
<n  'O 

r4  <N|  <N 

o  <*>  cn  r«» «-« 
to  *>t  to  to  to 
»  •  •  •  • 
o  o  o  o  o 

to  rv  tn  lO  O 
^  O 

f-t  M  r4  1-4  C4 

O  O  O 

O  O  to  h*  CO 

r>4  IH  1-4 

14.89 

15.00 

5,00 

5.00 

O  O  CO  O  fM 

to  to  CO  CO  <0 

•  »  •  «  • 

o  o  o  o  o 

lO  to  to  to 
o  o  o  o 

o  o  o  o 

0.07 

0,05 

0.06 

0.07 

0.07 

cMtoioiorv 

f-4  o  o  o  o 
•  «  •  •  • 
o  o  o  o  o 

O  O  M  r4  M 
^  M  M  ^  M 
•  •  •  •  • 
o  o  o  o  o 

«0  O  «n  CM  C4 
rH  r4  ^  ^  W 

o  ci  d  o  o 

to  to  CO  CO 

o  o  o  o  o 
•  •  •  •  • 
o  o  o  o  o 

Ktf 

«v| 

Ut 

M 

s 

CM 

n« 

u 

<o  «0  «0  > 

M  M  N  < 

u 

^  *9  ^  ^  > 
N  M  ^  < 

« 

m  lo  to  tO  > 

<>l  CS  M  < 

u 

tO  to  \0  to  > 
04  (N  M  M  < 

ro.  oo  r.  It 

CM  CM  CM  CM  < 

CO  CO  00  CO 

CM  CM  04  CM  < 

2-4 


.1 


fl 


TABLE  I  (Continued) 


S' 

o 


S' 

o 

£ 

o 


S' 

« 

o 

X 

b 

o 

> 


^  c|5 
c  E 


ts  'C>  3 

kl  u 
C  O  u\ 

trf  «  «L 

9  «  W 
n  41  (/) 

s. 


u  ki  C 
t«Ck  u 
G 

Cl  ^  3 
.J  O  I 
U  AJ 

C  9  h 

k>  «)  « 


85 

-H  H 


si 


o  o  :>  o  o  | 
c  d  d  d  o, 


o  o  o  o| 


o  o  o  o  o| 


o%  o>  a»  ON  >f 

N  d  CM  CN|  <1 


o  o  o  o  o 
d  o  d  d  o 


V>  CM  CM  CM  CM 


r»  O  c>  CM  CM 


o  o  o  o  o 


o  o  o  o  o 
o  o  o  o  d 


«0  CM  CM  CO 


O  CO  lA  >9 


o  o  o  o  o| 


o  o  o  o  oj 

d  d  d  d  d| 


CM  CM  CM  CM  CM] 


O  O  O  O  O 


CMfMCMCM>i 

fOcococo<|  cocncnco<l 


O  O  «/• 

o  d  Q  o 


CM  CM  CM  -M 


r«-  CO  O 
»H  CM 


CO  CO  CO  n 
CO  CO  CO  CO 


2-5 


CO 

w 


C^  C^  C^  ^ 


0.24 _ 2.00 _ gu3 _ 0j3 _ U5 


TABLE  I  (Continued) 


t 


'k 

] 


k 


2 


I 


& 


it 

8 

m 


s 

i 


c 

s 


u 

n 

(W 


*2  C 
n  M 

c 

O 


I  c 
'  6 


a?* 

|4  4J 


«C  -  -  1 

«J  M  O 
Sp».  M 

!^» 

U  41 

ES 

9  «  4J| 

« 


a 

a' 


!«•»  m  lA 

(A  Ok  #4 

^  ^  ^  IA  ^ 

^»0»A  __ 

nnn 

tA  <0  m 

o  r<»  r<»  K 

WM 

«H  <4^  lA 

lA  «0  lA 

O  ^O  IA  •.« 

^  kO  IA  kt  <0 

*  •  •  •  • 

M  N 

«A  <A  <A 

kO  lO  lA  r-k  lO 

^  ^  ^  fM  f4 

M  M  H  M  H 

w 

M  X  M 

XXX 

X  X  X  X  X 

IA  ,  ,  IA  O 

•  XX*  • 

O  O 

H  H  H  H  H 

o  o  o  o  o 

o 

o  o  o 

o  o  o 

o  o  o  o  o 

kO  O  O  CA  Ak 

O  O  O  O  O 

t  •  •  »  • 

o  o  o  o  o 

c 

o  o  c 

o  o  o 

o  o  o  o  o 

CM  O  O  O  IA 

O  O  O  O  O 

^  ^  «M 

f4  ^ 

^  r4  M 

<n 

rv  o  o 

A*  0k  Ok  M  O 

CM  IA  IA  o 

00 

80 

£0 

V8 

80 

r»  CO  ov 

r» 

^ 

CA  lA  -.e 

OO  lA  kO  ID  r» 

Ok  CA  *0  kO 

•  •  •  •  « 

O  O  «M  o  o 

••4 

<A  m  r» 

M  r#  M 

^  ^  fM  fM  W 

IA  r»  f4  IA 

CM  O  ^  M  ^ 

<n  lA  ^ 

o  o  o 

lA  iA  lA 

lA  IA  CA  (A  IA 

lA  fk.  CA  CA  IA 

§ssss 

o 

O  O  O 

O  O  O  O  O 

M  M  rM  W  ^ 

•  •  •  w  « 

o  o  o  o  o 

o 

o  o  o 

O  O  O 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

M 

CM 

CM 

CO 

b« 

ife» 

Bm 

Pw 

tM 

• 

» 

• 

• 

« 

• 

s 

37 

37 

Ays 

ssl 

o  o  o  o  S! 

X  CM  CM  CM 

cn  <o  «n  r»  ^ 

*0  <  *0  < 

kO  ^  .0  *0  < 

^  X 

ZZtssssmmBoxm 


2-6 


TABLE  X  (Continued) 


5 

8 

6 
u 
«0 


I 


»  a 
«  o 

•B  ji 

u  u 
C  B 


•o  *0 
i»  o 
cu  a. 

CU  O. 

o  o 

u  *J 

m  m 


II  1 


0 

V 

u 


»d 

•I 


f-d  A 
IM  O 


0  0^1^00 
<n  c4  <n  rt  <n 


K  X  X  M  M 


00  Pk 

c 

« *o  : 


“I' 


o  o  o  o  o 


..  ot  >o  00  od 
%  CO  <n  r>l 


o  o  o  o  o 


0( 

CO  n  CO  n  > 
^  ^  < 


^  n 


H  M  M  M  ^ 


OOOOCM^ 


in  o 
o  >o  o  o  <^4{ 


o  o  o  o  o 


33:^31 


N  N  N  N  M 


O  m  lO  lA  rd 
lOCOmCOefl 


M  X  K  K  M 


o  o  o  o  o 
»  *  •  • 
o  o  o  o  o 


O  r<»  op  N  ( 
CM  CS  N  <0  < 
•  *  •  • 
lo  m  m  m 


o  o  o  o  o 


m  m  m  m  M 
^  ^  <f 


M  «  M  H  Hd 


o  o  o  o  o| 

•  •  •  •  »l 

o  o  o  o  o 


o  o  o  o  o 


o  o  o  o  o| 


CM 

u* 


o  CO  m  to  M 

•  •  •  •  M 

m  CO  CM  co] 


o  o  m  o  i-i; 
o  o  o  o  o 


o  o  o  o  o 


o  o  o  o  o 


h»  n.  r>.  r*»  >f 
'O-  •0-  sj  <1 


H  H  H  H  H 


O  O  O  O  Oj 

o  o  o  o 


o  o  o  o  o| 


o  o  o  o  oj 


»  C9  CO  OO  >1 


1  Li 


2-7 


TABLS  t  (Conelnucd) 


\ 

I 


t 

« 


8* 

os 


& 


r*  C\ 

s;:: 

M  o 

\U, 


m  cl 


U  4i 
C  9  M 

c  «  ■ 

9  <  W 

10 


II 


I 


8 

t* 

« 

£ 


m  H  M  M  1 
M  M  M  H  I 


*r%  O  wJ 

r?  «n  n  <n 


cs  ^  o  « 

«•«••( 

M  w  <n  c«< 


ep  <0  to  ^ 

«-i  >o  f><  CO  *9 


M  CM  r»  M 


o  o  o  o 
o  o  o  o  o: 


<^  O)  O  Ot  S? 
^  ^  <1 


J! 

8 


i 

U 

60 

? 

4 


•O 

S 


s 

8 

60 

O 

4» 

S 

c 


r>.  r«k  IV  r-b  t/u 

<o  ^  J 


IV  ^  CM  CO  «Ol 
f*  M 


•t  <t  CO  «0  CM 

CO  o  rv  CO  \o 


CM  CO  CO  CM  «0^ 


o  o  o  o  o| 


«o  to  «o  to  <1  to  to  to 


mmhmh]  hmhmh 


o  o  o  o  o 
o  o  o  o  o 


o  o  o  o  o 


O  O  O  O  0| 


9  ri  r?  rf  3 


o  o  o  o  o 
•  •  •  ♦  *1 
o  o  o  o  o 


o  o  o  o  o 


o  o  o  o  o 


o  o  o  o| 
•  •  •  » 
o  o  e  o 


CMCmS  COCOCoS^ 

iOtO<  lOlOtO<  toiototo^ 


o  o  o  o  ol 
o  o  o  o  o 


00  to  CO  to  IH 

•  •  •  •  • 

o  o  o  o  o 


o  o  o  o 
•  •  •  •  1 
o  o  o  o  o 


M 

pi» 


2-8 


0.03  0.75  0.0  I  Light  aaoke;  acrid  odor 

0.03  0.59  0.0  1 

0.05  0.75  0.0  I 

0.03  0.79  0.0  I 

O.Od _ 0j22 _  0.0 _ I _ 


TABLE  1  (Continued) 


i 


J 


L 


t 

9 


a 

a 

Cl 

« 

8 


« 

IH 


u 

4 

6* 


g5i:g 

e  <»«  o! 

41  fiU  ^ 

4 
oc 


S  4  C 
a  <*4 


M 

£S 
■o  3f 


HC  M  M  M  M 
M  H  H  M  H 

O  to  to  IV 

O  (H  O  CM  O 
M  M  #4  #< 

I 

1 

I 

1 

_ 1 _ 

M  M  M  H 

M  M  W  M  H 

(O  Iv  \0  CO  *4 

*  •  •  »  » 

Cl  CM  rM  CM  CM 

I 

I 

I 

I 

I 

M  H  H  H  H 

o  o  o  o  o 

o  o  o  o  o 

O  O  O  O 

dddd 

O  O  O  O  O 

O  O  O  O  O 

O  9t  rv  rv  CO 

f-4  dd  d  d 

o  o  o  o  o 
*  »  •  •  • 
o  o  o  o  o 

O  O  O  O  O 
•  •  •  *  • 
o  o  o  o  o 

ro  m  n  n  rs 
^  n  cn  « 

CO  CO  CO  CQ 
CO  «-4  CO  €4 

C^  CO  CO  CO  CD 
O  CM  CM  to  M 

rv  CO  iM  O  CM 
lO  <4  M>  «4  to 

SSSi^S 

O  O  cv  CM  to 
lO  ^  ^  «4  ^ 

o  d  o  o  o 

o  o  o  o 

o  o  o  o  d 

O  O  O  O  O 

f4  1-4  r4  f-4 

O  O  O  O  O 

Cl  CO  CO 

o  o  o  o  o 
•  •  •  «  • 
o  o  o  o  o 

CO  CO  CO 

O  O  O  O 

«  •  •  • 

o  o  o  o 

Cl  CO  CO  CO  CO 

o  o  o  o  o 
do  d d d 

CM  CM  CO  CO  CO 
O  O  O  O  O 

ddd  d  d 

o.os 

0.07 

0.07 

0.07 

0.07 

0.02 

0.02 

0.02 

0.02 

0.02 

CM 

CN 

b« 

CM 

tfa 

CM 

Ut 

iH 

C9 

• 

• 

• 

• 

• 

« 

^  ^  s 

^  ^0  ^  sO  < 

C«  CM  CM  > 
M9  «  ^0  < 

CO  CO  CO  CO 

M>  tO  O  O  < 

S  2  S  ^ 

to  to  to  to  §» 

^  tO  «0  to 

tO  tO  4>  to 

to  to  to  to  < 

2-10 


M 


I ' 


r  1 
!  I 


TABLE  I  (Continued) 


^o 

o 

a\ 


>4 


5] 


g 


<1  •** 
Q 


e  ^ 
u  c 

3  •H 
C3  iJ 


O  tb  ^ 

4J 

4  *0  3  »} 

«  ft}  E 

>4  *J  ' 

P  ^  t 

M  0  Q 
3  d  4J  • 
03  d  03  * 


4J  M  O 
COCki  H 

c  zi\ 
d  *d  3 
f4  ft} 

>4  d 

C  3  >4 
>4  0  d 
3  d  d 

oa  d  03 


^  d| 

s  eI 


A* 


ft} 


S' 

d 


a 

s 

3 

JO 


a 

o. 

u 

a 


•o 

o. 

§• 

«i 

a 

u 

a 

ft} 

H 


TASLS  I  (Continued) 


0.03  0.73  0.0  I  Vary  heavy  cauka;  acrid  odor 

0.05  0.75  0.0  I 

0.07  0.70  0.0  I 

0.05  0.64  0.0  Z 

0.05 _ OiTl _ 0,0 _ I _ 


TABLE  I  (Continued) 


o 


M  <J  /-N 
O  tu  U  • 
4J  M  C 
«S  *9  3  <*4 
ei  <»  G 
u  u 

C  9  ^  • 
u  m  t9  C 
o  c  U  w4 
C3  ^  W) 


JZ  O'^ 

u  u  V 
totu  u 
C  M  XN 
U  3  « 
O  C 
kd  u 
C  a 
u  w  c 
9  <9  4J 
ca  o  V3 


o  o  o  o  ol 


o  o  o  o  o 
o  o  o  o  o 


ooooo  o  o  o  o  cj  ooooo 
O  O  O  O  O  ooooo]  000*0*  o* 


-«  ^  ^  ^  -y  o  O 


ooooo 


ooooo 


^  Sf  >1 
O'  O'  O'  O'  <1 


r^ixrors.?!  oocococo^ 
0»0»0'0'«4|  O'O'O'O'^I  0>OXO'0'<| 


2-13 


1 


3 

Z 


<0 

4J 

M 

o 

H 


CM 

U 

U 

Q 


5 


*3  *0  3; 
X  U 

C  3 

u  o 

3  « 

CQ  O  n 

Z 


^  0  . 

ij  b  v 

;db4 

e  2^ 

«  -O  3 

m)  « 

ki  U 

e  9  ^ 

V)  <3 

3  <3  kJ 

ja  V  v3 

X 


o 
B  a 

r)  ^ 

^  H 


"  e, 

'P^  w 


o 

0 

g 

o 

g 

O 

JC 

g 

e 

tn 

a 

« 

a 

a 

n 

ki 

u 

4i 

k> 

£ 

X 

X 

CO 

CO 

00 

03 

•H 

•ri 

pJ 

NO  1/^ 

f*^  fx. 

r«.  no 

N^  tA  iTl 

ppl  ^ 

w  p-* 

P-«  M  M 

^  ^ 

n  ON  1-^ 

n  ^  n 

^  o  ^ 

CA  *-•  PM 

f'j 

CM  C4 

<n  r» 

fA  fA  CA 

XXX 

XXX 

XXX 

XXX 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

coo 

o  o  o 

o  c  o 

o  o  o 

r>*  *A  c*» 

CM  ON  »n 

»A  r> 

CM  O  NO 

—  O' 

r*  k"V  nO 

CM  O  nO 

ON  CM  o 

r».  'O  nO 

>0  nO  >o 

O  r»  'O 

*0  r».  rx 

r*.  r«» 

ITV  «rt  tTt 

p>»  C"-  rv 

r*s  f>.  A* 

O  O  O 

O  O  O 

O  O  O 

O  O  O 

d  O  O 

odd 

odd 

odd 

(b 

Cu 

u. 

o  o  • 

o  o  • 

Z  Z 

z  z  u 

O  9  U 

»  O  X 

t 

^  n  > 

n  > 

r%  o  > 

r>  r>  > 

n 

^  .M  < 

^  < 

p-  < 

^  P-i  < 

•0  >o  o 

n6  rv  A. 

NO  CM 

»A  iA  lA 

lA  (A  <A 

(A  lA  lA 

CO  «0  nO 

ppM  P4  P4 

•-M  ON  lA 

nA  tA  lA 

rpp  A»  A. 

Ap  <A  NA 

XXX 

XXX 

XXX 

o  o  o 

O  o  o 

o  o  o 

d  d  d 

d  d  d 

d  d  d 

pp<  Frt  pH 

00  CO 

A»  O  lA 

«A  r>. 

^  p.^  p- 

O  O  O 

O  fA  CM 

CM  CM  CM 

CM  CM  CM 

CM  CM  CM 

Cs  lA  «0 

Cs.  A»  A* 

A»  A»  A. 

O  O  O 

O  O  O 

O  O  O 

d  d  d 

d  d  d 

d  d  d 

pH 

u. 

tu 

tu 

, 

O  O  • 

, 

z  z  c: 

Z  Z  c< 

o  s  u 

00  CO  > 

00  00  > 

00  CO  > 

PP<  ^ 

PH  PH  < 

fH  IM  X 

2-15 


18UC  FI  0.05  1.72  10.0  X  6.5  6.9 
18UC  0.05  1.99  10.0  X  6.8  5.8 
Avg. _ 0.05 _ 1.85 _ 10.0 _ X _ 6^6 _ ^ 


TADL£  I  (Concinued) 


2 


I 

u 

4J 

O 

Xi 

O 


I 

u 

u 

O 

O 

u 


t- 


S  <9  U 

eel  o  w 
X 


e-g 

4*  % 

ji. 


CO  4^ 

n  <n  r* 

5.8 

11 

rv  0  M 

.0 

I  CM  O' 
I  .0 

r-4.  CA  lA 

CA  CA  O' 

00  »-< 

CO  4A  M> 

1  lA  tt  ^ 

fN.  0  CO 

sO  <A  0 

d  d 

'6  sO 

st  CA 

•0  Sj 

H  M  M 

X  XH 

I 

X 

2.9 

XXX 

XXX 

»X  X  X 

I 

1 

1 

000 

000 

000 

000 

0  0  C 

000 

000 

d  d  0 

000 

odd 

d  d  6 

006 
^  ^ 

000 

000 

0  f>s 

CM  .-H 

O'  -  - 
CO 

f'l  C'l  r* 
fv»  CM 

UO  OO  CO 
0  CM 

fs.  lA  -4 

rs  CM  0 

m  CA  lA 
0  -O  CM 

CM  lA  ,4 
s4  CM  CA 

000 

tN  n  <n 

or..- 

CM  CM  (M 

CM  CA  CA 

<A  »A  CA 

00c 

rs  f-K  FN 

000 

rs  r* 

000 

lA  lA 

000 

V>  »A  lA 

0  0  C 

r>>  lA  NO 

000 

lA  IS,  \0 

000 

lA  lA  lA 

000 

000 

000 

000 

0  d  0 

0  d  0 

odd 

odd 

Ut 

ti. 

Ok 

Ou 

b« 

b* 

8  Z  c< 
O'  c»  > 
^  ^ 

O'  > 
r-  < 

a  0  M 

O'  O'  > 

^  ^  < 

u  0  • 
a  a  ce 

O'  O'  > 
^  < 

EE  ^ 

CM  CM  ^ 

P 

0  0  > 

CM  CM  < 

88? 
CM  CM  < 

2-16 


200C  FI  0.05  0.59  0.2  .0  4.5 
200C  0.05  2.38  6.5  3.6  2.9 
Av;!. _ 0.05 _ 1.98 _ 3^4 _ 2;_3 _ 3.1 


a  ^ 

S  0 
C  ^ 
OH  o  « 
*j]b4  ^  c 


cH  «  • 
uia  a  G 

:3H  *.1 

u  c 

V  trt  *<, 

c  •  • 

H  —  G 


r*«  fs.  rN.1  o  o  NO] 


S 

o  ^  ^ 
^  0  • 
O  bi  ^  c 

U 

a  73  3  S 
ftS  o  >S. 

w  iJ  • 
C  o  u  c 
M  n  a 
saw'-' 
n  o  CO 


us  CM  «C  -a 

o  o  d  odd 


•J  o 
u  w  c: 

C  3 
U  Vi  ^ 

3  a  -j 

ea  o  col 


e 

o  73  3H  O  O  O 

•i4  o  I  •  «  •  • 

_  u  «  c  O  O  O 


O  cm]  ^  ^ 


•HO  •  r*  f.  fx 

u  e  C  O  O  O 

c  P  g  o’  o  d 

•0 


h»  ro  rx)  rx  rx  rxl  co  cO  co! 
O  O  O  O  O  O  O  O  O 


•j  a  u  • 

o  o  H  o  9  t: 

rx  rx  >1  rx  fx  > 

<M  <vi  <5  n  < 


z;su  zzci 

CNON^  C7vc7\a1  aNO%>| 
CN  ON  <)  ON  ON  <1  ON  <^  <) 


2-17 


99UC  R2  0.08  4.35  0.5  0.5  0.5 
99UC  0.08  6.59  1.5  0.5  0.5 
Avg. _ 0.08 _ 5^47 _ jUO _ 0^5 _ 0^5 


i. 

1 


•sill 

•S  of 


I/\| 
H  •Ml 


iol 


•fl  6  -  , 

W  l>4  « 
U\ 

c  sf 
^  *0  i 


'si”i 


c 

§1 

H 

b. 


i 


r\  <n 
«  « 


«  « 
u  w 
o  o 
2:  s 


Ai  u 

£S 


n 

o 

Ai 

O 


o  o  o 
d  o  d 


otf  ot 


o  c  oj 

d  d  dj 


o  u 

i§>l 
o  o  < 


O  O  Oj 

d  d  d| 


o  o 

N  Ml 


s  P  e 

o  o  ^, 
o  o  < 


o  o  o 
d  d  o 


p 

c 

« 


>=  s 


"S  ^-S 

8  ti& 

8  28 

a  w 


P 

E 

S 


o  as 
ji  o 
u  e 
B 


•  ^ 

ip 

n  dk  H 

3  b  w 
•  9 


^  ^ 
m 


o 

s 


£  s 


2-18 


(  ) 

:  J 


:  i 


I 


I 


I 

I 


J3 


« 


1 


T 

'St 


T 


1 

I 

T 


mi* 


•*1 


I 

4» 


n 


^  c 

ti*  «- 


c  c: 
«  I 

>•4  1^% 

C  •I 


<n 


O  tn 
ii  «.., 
<3  *0  3 

C6  <i  I 

i4  4J, 
C  S  U 
^  01  <9| 

3  a  U| 


C  , 
x  o  <4 
u  u  «r 
<oe>< 

S  -o  3 

2  J 

e  3  >< 

M  «t  «L 
S  (0  li 
«  «  VJ 

«C  I 


o  u 

4)  4J  O 

5:^2 

<0  H  9 

«-4  *0  «  - 

U  CO  t>  >1 

V  C  U  *  - 

v4  3  O 

“  «  i»  -, 

.  Q  «  M 

•H  «  ' 

to.  X 


j  @ 


si 


Ok  o 

irtM  M  M  M 

M  MM 

(-«  *H  tA  M  M 

M  A.  M  M  M 

•  •  4 

M  MM 

•  •  •  •  4 

M  «H  H  M 

^  M  N 

fv 

.a  *0  «A  «A  n 

CA 

Oi  C4 

lA  o  «n  o  O 

<0  tA  O 

tA  1/^4  n  n  .a 

O  O  CO  lA  sO 

•  •  • 

«  •  •  •  4 

M  C4  M 

M  M  n 

^  o  <4^  (>  so 

tA  sa  lA 

«»  >3 

Os  M  .a  *A 

>9  .a*  CO  o 

Os  lA  \0 

O  CM  CA  00 

K  •  • 

XXX 

_•  M  H  •  _• 

I 

I 

I 

I 

X 

X  K  X  X  X 

_•  X  •  •  • 

f**  .-•  <  ..a 

O  (S4  M  ftM 

coo 

O  O  O  O  r«4 

lA  O  O  Os  lA 

o  o  o  o  o 

o  o  o  o  o 

O  O  O  O  CM 

•  ft  •  »  « 

O  *c 

O  Q  O 

O  «A  fH  eo  lA 

O  Q  O  O  O 

o  o  o  o  o 

o  o  o  o  o 

o  o  a  tA  a 

^  ^  ^ 

M  M  M  M  M 

M 

n  fM  fs. 

<n  er* 

c>i  r'.  CO  CO 

4A  lA  04  CM  Os 

CO  tA  lA  00  0» 

OS  CA  X  OO  CA 

O  *A  r* 

vn  o  M 

^  <o  r*  Os  *A 

sO  -a  «A  A.  •A 

a  -o  .a  *0  >o 

tA  sO  O  (St  OO 

CA  M  lA  lA  O 

r«.  cv  <r 

STt  STt  *n 

#-4  ^  O 

o  o  6  d  o 

o  o  o  o  o 

<M  CM  (A  CO  M 

O  CM  C<  CM  CM 

rs  ^ 

.A  (/>  lA  «A  sn 

»A  sA  «A  lA 

A.  r«>  M  M  A. 

o  o  o 

O  O  O 

O  O  O  O  O 

o  o  o  o  e 

o  c  o  o  o 

O  M  O  O  O 

O  O  O  O  O 

o  o  o 

O  O  O 

O  O  O  O  O 

o  o  o  o  o 

o  c  o  o  c 

O  O  O  O  O 

O  O  O  O  O 

-M 

#H 

to. 

to. 

to. 

to. 

to. 

to. 

to. 

« 

:< 

u 

K 

c( 

r>  n  > 

tA  tA  sA  lA  > 

sO  so  sO  sO  > 

A>  A*  M  A4  > 

00  CO  CO  oo  > 

Os  Os  <7s  OS  > 

^  fH  ^ 

< 

1-4  ^  ^ 

^  ^  4^ 

f-4  r4  f-4  iH  ^ 

rM  M  rM  M 

M  W  M  rii4  ^ 

2-19 


TABLE  11  (Continued) 


1 


n  c\ 
c 


it  t»4  u] 
*j 

a  3 
«  is 
u  u 

C  0  u\ 
^  A  9 
9  «  iJ 
«  ^  W 


m 

t 

iS 


o  H 

•  M 


<fs  m 
«o  r% 


« <n 
cJ  •s 


o  n  o  o 

«H  O  O  O  '•O 


<n  00  O  o«  C4 
m  o  vo  ^ 


n  o  o  <M  ^1 


o  o  o  o  o| 


en 

o  o  o  o  > 

C4  C4  Ol  CM  < 


tTi  lA  l/U 


CM  rv  O 

cn «»  •/>  •i] 


K  X  X  K 


o  o  o  o 
•  «  •  « 
o  o  o  o 


O  C  00  CM 

<*4  ^ 

•  *  •  e 

CM  CM  M  M 


o  o  o 
•  •  •  1 
O  O  O  Q 


O  c^  r>  , 

CM  CM  CM  -<1 


M  H  H  H  M 


O  O  O  O  O 

o  o  o  o  o 


f-4  CM  CM  N 


o  o  o  o  o 


H  H  hM  H  Ml 


O  O  O  O  O 
•  •  •  *  » 
o  o  o  o  o 


SSS8S 

»  *  t  •  • 

o  o  o  o  o 


CM  o  o  o  o 

M  M  M  ^  M 

o  o  o  o  o 


r>  cn  n  c^  Si 
n  cn  n  cA  <f 


iTi  1/^ 

C*>  CO  C*>1 


°°®J 

CM  CM  CM 


o  o  o 

O  O  o1 


mS 

ro  M  ? 

cn  cn  <1 


r>  cn  c^ 


O  M 
r?  in 


O  Q 

»  • 

o  o 


o 


,mM  S| 


2-20 


i 


0.04 _ 2j89 _ lO.O _ X _ la 


i 

’  ^ 

.  i  , 

:  ii 

t 

lii 


c  • 

«4 

•• 

e 

krt  iA 

H  M  H 

H  H  H 

H  M  M  H 

H  H  H  H 

.  1 

«  •  •  *  . 

H  H  H 

•  •  . 

M  H  H 

H  H  M  4- 

H  H  H  H 

c 

•V 

a 

c 

C4  M  N  N  M 

N  N  <S 

<J 

St. 

e 

Sil 

U 

E 

c 

c 

vl 

^  t*)  O  GO  G 

h4  G  K 

O  lO  G 

IH  r«»  lA 

•  •  1 

•  •  1 

•  •  « 

0 

4 

•s* 

n  <n  cx 

N  N  (N 

fA  (M  eg 

N  CA  r>  n 

#H  O  o  O 

i- 

V 

tr 

rH  iH  S  ^ 

c 

c 

in 

M 

w 

n 

«r 

f 

V 

f 

•o 

4 

« 

ei 

a 

« 

{a« 

4 

}i 

9 

u 

e 

C 

•M 

& 

'O  3 
O 

•a 

U 

4 

41 

•s. 

lA  O  GO 

O'  o  o 

G 

a. 

ts 

: 

4 

H  H  H  M  H 

X  X  X  X  X 

•  H  •  « 

XXX 

.  M  •  •  • 

o 

0 

u 

e 

«9 

C 

^  o 

O  »A  n 

N  O  ^  fH 

CA  ®  lA 

a 

•H 

0 

4 

CO 

' 

H 

c/l 

b 

i 

H 

c 

3 

c 

fia 

£ 

m  « 

iS 

T 

X 

I 

U 

4 

« 

j 

h 

eoci« 

4 

e 

v4 

b 

t 

!J 

O  O  O  O  O 

O  O  G  O  O 

G  O  so  O' 

o  o  o 

C4  N  M 

G  O  G  UA  CC 

M  Ak  O  CO  O' 

|a 

•j 

C 

4 

41 

•H 

O  O  O  O  G 

o  o  o  o  o 

O  O  W  o 

o  o  o 

o  o  o 

O  O  O  1-4  o 

•-4  O  O  O 

c 

Z 

«H  «-(  «H  «>l  «H 

4i 

it 

a 

« 

41 

* 

y 

4 

O  41 

41 

«) 

e  ^ 

C 

«H  < 

4 

C8 

H 

a 

•«4 

•9 

n 

<9 

O'  n 

G  O  •-< 

o  m  iA  CO 

r-  M  *0 

»A  M  O* 

CO  V 

> 

e 

»n  in  in 

O  O  C'l  »-4  rH 

o  cn  lA  *0 

o  *o  w 

lA  <0 

GO  *H  CA  €0 

f'l  O  O  CM  ^ 

C  ^ 

0 

a 

u 

a 

a 

O  o  O  O  O 

^  sr  xo  -o  'O 

i“<  O  CS  iH 

lA  lA  lA 

O  O  O 

O  O  ^  f-i  o 

o  o  o  o  o 

J 

41 

O 

z 

8  f> 

os 

« 

b.  Z  ui 

> 

41 

« 

41 

c 

o 

e 

tl 

a 

a 

•ri 

9 

• 

r*.  O  CM  O  'n 

ro  rv  fs.  f<«  fo» 

IN.  r<>  r<» 

lA  lA  lA 

ii 

0 

c 

o  <-4  «H  fM  cn 

O  O  O  O  O 

c  o  o  o 

O  O  O 

o  o  o 

O  O  O  O  O 

o  c  o  o  o 

j 

C  H 

eo 

M 

s 

o  o  o  •-«  o 

O  O  O  C  O 

o  o  o  o 

O  O  O 

o  o  o 

O  O  O  O  O 

o  o  o  o  o 

•  • 

1 

(0 

n 

1 

o 

H 

«*4 

•o 

rH 

fH 

ca 

o 

b4 

tu 

tl« 

Ut 

t»4 

b< 

a  « 

u 

<8 

44 

4) 

4) 

41 

S 

a 

• 

C< 

tl 

tl 

ti 

o< 

o 

Z 

0 

M  CS|  ca  04  > 

*.'¥  %.■*  „•*  b 

*A  «A  > 

o  o  o  o  > 

S  vS  S  ^  < 

n 

o 

z 

•O  'O  'O  'O  < 

-0  'O  <  <  < 

*0  ^  *0  < 

'O-  < 

*0  *0  < 

lA  lA  lA  lA  < 

t 

•Hi 


2-21 


I 


•  c 

W  C 

«  o  • 
«  eu  ^  c 


C9  iJ  E 

C  •  « 

H  ^  C 


i4  « 

o  ^  • 

u  M  c 

5|»t 

M  41  *>«ik 

e3  »«  • 

«  «  e 

9  «  w  •»« 

«  5  w  ^ 


X  o  ^ 

W  M  « 

S?**-  il 

C  M  <N 
«  *0  3  • 

•3  «i  e 

M  *i 

E9  fc*  w 

9  * 


O  O  O  O 

o  o  o  o  d| 


o  o  o  o  o 
o  &  o  e  ol 


M 

«  M 

J4J  O 

<E- 

H  9  W 
*9  A  «  • 

«o  «  >  e 

5Soii 


Sm  r>  ov  r*» 
O  O  ^ 

O  O  O  O  O 


O  O  O  O  O 


r»r«.r»fHK 

9  eft 

ooooo  jSg 


Oi  Ok  m  M 
CO  CO  a»  c&  <t 


2.22 


Xms  III  (Continued) 


I 


n 

u 

« 

c 

s 


o  *o 

E-g 

o  a  s 
u  pa  ^ 
<3  *J 

es  •  c 
u  I  - 
c  u 


o 


c 


o 

o 


il  5 


O  ts. 

#•«  cn 

o  ON  kTN  r.  w 

W  M  M 

^  eo  o  NO 

^  ^  On  Ov 

H  M  H  M  H 

M  M  M  M  H 

O  «A  «-c  O  nO 

C^  O  ^  •>< 

XHH 

XMXXK 

X  K  K  K  K 

»  •  •  •  < 

rM  CM  ON  #-<  O 

fM  ^  t>4' 

o  o  o 

ooooo 

OOOOO 

lA  nO  lA  O 

O  »A  lA  O  O 

*  *  *  »  « 

•  •  *  »  ■ 

C4  M 

M  M  CM  M  d 

CM  CM  CM  CM  CM 

^  fM  ON  CO 

tA  lA  «0  IA  «A 

^  ^  ^ 

^  ^  ^ 

M  ^  ^  ^  ^ 

w 

o  o  o 

OOOOO 

OOOOO 

CM  lA  O  O  CM 

O  CO  O  O  Ax. 

M  N 

CM  CM  M  CM  CM 

CM  CM  CM  CM  CM 

^  ^  *i>< 

■H  fH  «-<  f-t  W 

rM  ^  fM  ^  ^ 

flo  <r  M 

«o  O  ON  <o 

00  r»  CM  CO  «>• 

ON  W^  CM  he  CO 

rs  d  n 

rx.  cn  nO  CO 

O  ^  O 

O  fxx  <9  CO  O 

«A  IA  «0 

«  •  •  «  « 

^  «n 

«M  f-4  d  w  ^ 

^  ^  ^ 

OOOOO 

OOOOO 

f*«,  V>  NO 

lo  m  v>  4n 

tA  m  l/>  (A  lA 

o  o  o 

OOOOO 

OOOOO 

fS  cM  rt 

OOOOO 

«  •  »  •  f 

o  o  o 

OOOOO 

OOOOO 

OOOOO 

OOOOO 

rM 

ei 

U4 

Dm 

Pm 

Pm 

, 

, 

N  CM 

rm  r>  n  > 

tt 

xO  >«»  *0  > 

ec 

lA  «A  iA  (A  > 

^  W 

*i4  ^  W  ^  ^ 

(.«  fH  fM  < 

t*<  t*4  M  ^  ^ 

t-4  fH  ^  ^ 

r»  h.  r«»  M 

^  ^  fM  tH  <{ 


2-24 


O.OS  1.13  12.0  12.0  X  9.4 
0.05  1.10  12.0  12. 0  X  9.6 
0.05  1.13  12.0  12.0  X  9.4 
0.05  0.99  12.0  12.0  X  10.6 
0.05 _ 1^09 _ 12.0 _ 12,5 _ X _ 


TABLE  III  (Continued) 


i 

T 


*»• 


•r*" 


f ; 


®  i 

W  9 
.O 
O 

cw^ 

t;s 

•o 


o  E 

«i  9 

« 

0i«0 

«H  C 
U  q 

*o 

*  9 

«  9 

.9 

« 


e 


»4 

« 

9« 


o  ?| 

S'Sl 

U  H 

^  «8 
a  N  2 
H 


6| 


es 

9  C 


H  *0  O 

sH 

o  q  &K 


o  I 

SSi 

M  «e4, 

C  H 
U 

H  I 


'O  eo  fj 


o  o  o  o 

N  N  «M  M 


•H  N  C4  M  N 


O  O  O 

d  o  o  o| 


CO  03  CO 
^  ^  ^1 


H  H  l/%  H  Ml 


O  Ok 

«  *H  •  • 

1/3  ^  kO  1/3 


<*3  CO  O  M  O 
•  •  «  •  • 

00  M  C4  00  Ok 


O  M  O  kA  <0 
00  tN  c«  M  on 


O  M  C* 


o  o  o  o  o| 


Ok  Ok  Ok  Ck  >f 
M  M  *-<  <51 


M  M  M  M  H 


M  <0  kO  lA  0| 
•  •  •  •  *^ 
fv  «0  k9  M  Ok 


d  IV  <o  *0  Ok 
•  *  •  •  * 
kO  IV  eo  kA  kC 


CkJ  M  <A  «0  Ok 
kO  fv  CO  tA  «9 


O  O  <-1  O  o! 


o  o  o  o  o| 


o  o  o  o  .  , 

M  M  CS  <k| 


•s 

o 

•o 

M 

u 

u 

4 


s 

CO 


M  H  H  M  M| 


|v  O  O  CO  kO 
•  «  •  •  • 
M  «0  CO  N  kO 
M  M  M  N  M 


CO  «  kO  M  0^ 
M  CM  <A  n| 


kA  >A  O  00  <0 
•  •••*[ 
1^  1^  <*3  in  lA 


o  o  o  o  o| 


o  o  o  o 
d  d  d  d  o| 


M  ^  ^ 

CM  CM  CM  M  <1 


i 

m 


Ok  CO  CAO  4A^ 


O  CM  O  M  m] 


O  00  kO  o  Ok 

r«»  CM  CM  CA  CA 


o  o  o  o  o 


CA  CA  in  «A  «o 

o  o  o  o  o 

d  d  d  d  d 


oc 

CM  CM  CM  CM  9 
CM  CM  CM  CM  < 


2-25 


23  F2  0.05  0.78  11.0  9.5  11.8  1  Heavy,  sooty  snoke;  acrid  odor 

23  0.03  1.17  12.0  12.0  X  9.0 

23  0.03  1.08  12.0  12.0  X  9.6 

23  0.03  0.84  12.0  12.0  X  12.0 

Avc. _ 0.04 _ lj03 _ UjB _ lUA _ 10.6  I 


I 


s 

X 


eo 

6 


0* 


eII'^ 

5 


g’? 

IS 


■gs 


% 


CO  o  o  M  ca 

<>4  M  CQ  oC  CM 


O  O 

•  «  •  «  • 

C4  m  n  C4 


CO  O  N  <-t 

M  n  n 


I 


e  o  o  o  o: 


o  o  o  o  o| 


<f  ^  •ff  >1 
CM  CM  M  n 


O  #-iO 


o  o  o 


O  CM 

O 


WMO  W 
M  ^ 


o 

o 


o 

o 


^  0»  CM  i-< 
m  CM  CO  CM 


X  X  X  X  K| 


o  o  o  o  o 

CM  CM  CM  CM  CM 


o  o  o  o  ol 

CM  CM  CM  CM  cd 


CO  CO  CO  CO  fO! 


f.  v>  in  ^  « 
o  o  o  O  o 
•  •  •  •  » 
o  o  o  o  o 


O  ^  *0 
CM  CM  CM  CM  ^ 


fM  Ok  COM 

•  »  *  •  ^ 

W  CM  ^ 


X  K  X  X  X 


o  o  o  o  o, 
•  •  •  •  *1 
CM  CM  CM  CM  CMf 


O  O  O  O  O 
CM  r4  CM  CM  CM 


\o  «rt  >o  o  o 


o  e  o  o  o 


3  f>  »>  f** 


CM  CM  CM  CM  ^ 


M  H  M  M  1-4 


CO  O  CO  cO 

•  •  •  •  •^ 

lO  CM  CO  CO  < 


O  CO  lo  cn 

o  o  o 


CO  ov  O  ^ 
CM  rM  CM  CM  W 


o  o  o  o  o 


o  o  o  o  ol 


CC  CO  CO  CO  >  , 
CM  CM  CM  CM  <1 


MM  M  H  H 


coocooeo^ 


o  o  o  o  o 
odoooj 


o  o  in  o  •-■ 
•  •  •  •  « 
CM  CO  CO  10 


C  O  O  O  Ol 


o  o  o  o  o 


o  o  o  o  o; 


ch  c^  c^  ol 

CM  CM  CM  CM  ^ 


2-26 


1 


Part  1  -  General  Tests  -  Representative  Materials 


« 


o 


G 

^  •© 
0  =  r 
u  cs  ^ 


u  H 

£2 


.  ^ 
W  4J  « 

G  G  G 

6S^ 


ga 


j  tj' 

a, 

H  O 

e  G 
d  ^  G 
o  9  Q 

fX  (0  •-« 


4)  V  9 

6  «  P 

h*  <  S  ' 


m  o  fs 


(*>  O  O  lO  CO 

O  •.»  CO  01 

'O  Oi  01 

M  )-<  M  H  H 

M  M  >-(  H  M 

<n  CM  CM  CM  CM 

H  ^  fO  CO 

H  M  H  M  H 

M  m  m  m  H 

o 

lO  o  o  CM  m 

o  CO 

K  M  M  X  K 

•  X  X  X  H 

•  X  X  X  • 

o 

O  lO  lO  lO 

CO  lO 

o  o  o  o  o 

o  o  o  o  o 

O  O  O  O  O 

o  o  o  o  o 

o  o  o  o  o 

m  o  o  o  lO 

o  o  o  o  o 

o  o  o  o  o 

CM  CM  CM  CM  CM 

O  CM  CM  CM  CM 

o  o  o  o  o 

CM  CM  CM  CM  Ol 

^  ^  W  rH  ^ 

rH  ^  ^  ^ 

^  ^ 

o  o  o  c  o 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

fH  O  O  CM  vH 

o  o  o  o  oo 

o  o  o  o  o 

d  d  d  d  o 

CM  CM  CM  CM  CM 

O  CM  CM  CM  CM 

1. 

1. 

1. 

1. 

1 

CO  CM  CM  CM  Ol 

^  rM  ^ 

^  ^  rM  ^ 

rM  »H  ^ 

O  O  O  O  Q 

o  o  o  o  o 

m  in  CO  m  r* 

o  CM  r* 

o  o  o  o  o 

CM  ro  uo  m  o 

o  o  o  o  o 

o  o  o  o  o 

CM  vj  m  <M 

O  CO  '•O  lO  C71 

o  o  o  5  o 

CM  O  00  CO  Ol 

d  o  d  o  o 

d  Q  d  d  d 

CO  st  ^  >t  >> 

O  CM  CO  CM  CM 

d  d  d  d  c 

o  CM  ^  pH  1-4 

m  v>  in 

CO  o  fO  €•>  cn 

m  m  m  m  m 

lA  co  in  »n  m 

CO  CO  CO  CO  CO 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

O  O  O  O  O 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

o  d  d  o  d 

o  o  o  o  o 

o  o  o  o  o 

ri 

r> 

CO 

CO 

CO 

CM 

CO 

<0 

«0 

w 

CO 

CO 

, 

c; 

u 

M 

Ct 

u 

w 

^  ^  S> 

CM  <M  CM  CM  > 

CO  CO  CO  CO  > 

cn  r>  r»  n  ^ 

CO  r»  M  cn  < 

CO  CO  CO  CO  < 

CO  CO  CO  CO  < 

CO  CO  CO  CO  < 

CO  CO  CO  CO  < 

CM 

tu 


2-Z7 


0.03  2.55  12.0  12.0  X  4.4 


TABLE  III  (Continued) 


2-28 


TABLE  111  (Continued) 


O  •'i] 

C  0  Pl|  • 

M  -  c 

o  ?  3 

4J  ^  W 

^  .  si  ^ 


*•  U  O 

3  e  £ 

c:  e>j  -dlei 

^  H  ‘ 


Z  XXXHH] 


<n  09  <n  ^  N 

03  'A  <-4  o 


tn  ^  lA  09  ol 


K  K  M  K  M 


«6(AcorAtn  o^•^»st^o 
*****  •*»  «• 
^  «  eo  «A  N  n  ^  N  n  n 


£  ^ 

U  u  •  oocool 
«  e(  c  «  «  *  •  *1 

m<mmmcm| 


U>iA0<£0  OOCOiA 
OOOOO  rkiAOst^C 


.c 

gu  •  OOOOO 

u  c  •  •  •  «  • 

rc**d  C434f^<M<S 

- 


OOOOOI  OONOOi  v7CMs90<3i 


OOOOO 


2-29 


TABLE  III  <Conttnucd) 


s 


Q 

u 

S 


c  o 
u  ^ 

«  9  S 

«J  CQ  fH 


l>  m| 
S  O 
M  «)  V 

a  £ 

a  <M  -4 

0^  H 


":il 


4)  SM  /-J 

5^1 

H-J  P| 

S  W 
0  3, 

.H  «  *-« 

O  Cb 


e 

o 

4) 

«  6 


& 
ki 

eo 

AJ 
£ 

CO 

«r4 

»4 

M  H  M  M  Ml 


<1  «M 

M 

•  O 


8  “ 


fH 

U  A 
«  J3 
^  3 
A  Q 


®. 

4n  «% 


M  44  C 

3 


^4  o  o  o  «! 
O  M  rH  rH  o1 


m  «A  »/>  <n  *n 
CM  C4  M  <S 


>  O 

o  o  o  o  o| 


O  O  O  O  Oi 


4  M  rH  M 

b|  »o  »ri  o  10 


CM  CM  M>  OM 

oA 


0*000^1 
^  o  o  o  o| 


CM  CM  M  iCU 
M  ^  «iJ 


)  o  o  o  o 
00000 


o  o  o  o  o| 


M  M  M  M  H 


O  o  ^  f 


CM  cn  CM  CM  CM 

o  o  o  o  o| 


O  CM  CM  cm! 

^  ^  <  «»i 


>  o  o' 
o  o  o  o  o| 


o  o  o  o  o| 


cn  c^  CO  CO  >f 
t/>  V>  lA  lA  <1 


eo  O  O  A  On 
O  O  A  <0  A 


00000 
0000  o1 


A  O  O  A  CM 
^  ^  M  O  ^ 


o  o  o  o  o| 


o  O  O  O  Oj 


3 

Ai 

w 

o 

•o 


H  M  M  M  Ml 


O  A  A  A  A 
A  O  CM  M 


00000 

00000 


O  A  A  M  (>l 
CM  M  M  CM  m| 


O  O  O  M 

0000 


.  .  . 

o*  o*  o'  o  o'; 


00000 


^  ^ 


NA  A  »A  O  > , 
4A  tA  AA  tA  <1 


CM 

Cb 


c: 

A  A  A  A  :> 
lA  lA  to  A  < 


2-30 


0,03  0.00  0.03  2.0  0.6  12.0  I  Bluish  gray  sooke 

0.03  0.00  0.02  3.0  1.3  18.0  I 

0.03  0.00  0.03  2.0  1.0  IS. 6  I 

0.03  0.00  0.03  2.7  0.8  16.2  I 

0.03 _ 0.00 _ ^1 _ 0^9 _ 15.5  I 


TABLE  III  (Continued) 


u  'O 
ft)  ^  .• 
4J  ts  f-4 
(3  C 

«  •  c, 

‘J  H 
C  « 

U  ft): 


r'H 

-I-:: 


^■SJ' 

(3  d  c 
6 


4)  vm  /-s 

H  T<  0 

g  ft) 

5  w  c 

0  a  cs 

f-  w  -< 

o  «  u* 


e  *j 
H  < 


a  «)  M 
*-<  <5  ( 

Ci«  ft) 


«) 

O 

ca 

o 


& 


w  o 
>»•*< 
c  ^ 


H  H  M  M  M 

I 

I 

1 

I 

■L 

M  M  H  M  M 

M  M  M  H 

M  M  H  M 

H  H  IS  M  tH 

i/\  *H  (n  irt  «M 

(n  o  o  o  CO 

N  M  CO  Ov 

*0  )A  vO  tO  CO 

iA  00  vO  O 

f4  fH  O  CO 

r>.  fh  c4  o 

€0  O  €0  OO 

N  iH  O 

o  r%  CO  CO  r» 

OO  CO  O  fH 

fH  <f  O  tO  O 

n  cn  ^ 

M  W  r>4 

(M  CM  f-«  (M  CM 

^  M  rH  fH 

F-l  CO  *0  CO 

CO  CO  CO  CM  cO 

o  ro  o  O) 

ro  nO  trt  ^  nO 

vO  «0  lA  lA 

«,y  CO  sj  CO  sj 

r*  tA  Mf  lA 

M  r-k  O  «.»  fh 

FH  O  FH  o  o 

o  c  o  o  o 

o  o  c  o  o 

o  o  o  o  o 

CO  *0“  lA 

lA  lA  tA  otf  tn 

'O  <N  Ck  <-t 

<>4  O  «-<  O  •«< 

r.»  r-  fO  sC  iTi 

O  CM  s?  sj  CO 

r*»  lA  «»y  tA 

CM  r«.  O  *0 

\Ci  xO  r*«  sO 

o  r% 

c")  CO  <o  kO  CO 

CO  CO  CO  CO 

CO  lA  *3^ 

tA  tA  tA  oj  lA 

o 

O  cr  O  O 

d 

c  o  o  o 

/ 

o  c  c  o  o 

o  c  o  o  o 

C*  ^  O  O  o 

oocc  »  t->oo 

c  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

c  o  o  o  o 

O  O  O  f 

X  -  O  O 

o  o  o  o  o 

o  o  o  o  c 

c  o  o  o  o 

o  o  o  o  o 

o  c  o  ^ 

o  o  o 

o  o  o  o  o 

r>  c"  r'  <n 

w*»  CO 

CO  CO  CO  CO  CO 

CM  CM  CM  CM  CM 

o  o  o  o  o 

o  o  o  o  o 

o  o  c  o  o 

o  ca  o  o  o 

o  o  o  o 

o  o  o  o  o 

c  o  o  o  o 

d  d  d  d  d 

d  d  d  d  d 

c  o  o  o  o 

o  o  o  o 

o  o  d  d  d 

Cl 

CM 

CM 

CM 

fJ 

b« 

Cu 

u 

u 

tl 

et 

N 

w 

t>>  > 

00  00  <0  CO  > 

O'  O'  O'  On  > 

o  o  o  o  > 

F^  fH  fH  > 

CM  CM  CM  CM  > 

*r\  \r\  iTk  KTt  ^ 

*rv  »n  4.0  »rv  ^ 

«A  to  lA  »A  < 

\0  NO  \0  «x>  < 

tO  sO  vO  < 

vO  vO  «0  nO  < 

2-31 


TABLE  III  <CcnCtnu2d) 


V 

u 

3 


Ou 

it 

X 


n 

u 

M 

V 

H 


u 

Q 

0U 


X  •  e 
u  w 
e  o 
n 

s  C 

CO  CM 


^  wj  • 
«  d  e 
tc  c^r<. 


C  Ail  « 

w  d  s 
“  Hire. 


"JSl 


U  iM 

hi\ 

a  « 

?S' 

«-<  o  ^ 
O  «  Ok 


H  <  a  -S 

n 

ep*© 
c  «  • 


rgl 


oi 


O 


H  M  *-«  W  M 

O  CM  9»  O  lA 
•  •  *  «  • 

o  «-(  «o  eo  9k 
CM  CM  ^ 

IH  M  M  H  M 

M  M  H  M  M 

H  H  H  Ht  H 

••M  kO  CO 

«0  o  H  CM  M 

fv  ^  O 
•  •  •  •  • 

lA  cn  ^  00 

CM  n  CA  CM  CM 

X  K  XXH 

O  Ok  M>  kO  OO 

•  •  «  •  • 

CM  O  4A  kO  CO 

lA  lA  O  CM  CA 
•  •  «  •  • 
r>k  r«»  kA  rM 

fH  i-C  CM  CM  CM 

lA  <9  O  lA  rM 
•  •  •  •  • 

kO  lA  kO  kO  kO 

X 

X 

5.3 

X 

13.2 

»A  f**  <M  ^  CM 

(A  O  tA 

o  o  o  o  o 
*  •  •  «  • 
CM  CM  CM  CM  CM 
^  ^  M  ^ 

o  o  o  o  o 

o  o  o  o  o 

sj  kt  CM  CM  CA 

•  •  •  •  • 

CM  CM  CM  CM  CM 

lA  O  00  lA  CA 
•  •  •  •  • 

CO  kA  «A  kO  kO 

O  O  tA  O  ^ 

CM  CM  CO  CM  iH 
^  ^  rM 

CA  CM  -J  CM 

o  o  o  o  o 

CM  O  O  CM  kO 

CM  CM  <0  GO  C^ 

C  O  kO  O  ^ 

o  o  o  o  o 

lA  O  (A 

CM  CM  CM  CM  CM 
^  rM  tM 

CM  CM  *-•  «H  rM 

CA  CA  ^  kj  CA 

Ok  lA  eo  rk 

CM  CM  CO  CM  f-4 

K  O  O  CM 

O  O  Ok 

N  CM  CA  CA 

O  O  O  O  C 
O  O  O  O  O 

CM  00  tA  <0  CA 
CA  ^  <9  <9 

Q  O  O  O  O 

o  o  o  o  o 

o  o  o  o  o 
o  o  o  o  o 

CA  CO  CM  fk.  O 

CM  rk  Ok  o  O 

fk,  VS  CA  lA  n 

kO  Ok  CA  hk  O' 

O  O  O  O  O 

o  o  o  o  o 

o  o  o  o  o 

d  d  d  d  d 

^  O  O  ^  rM 

o  d  o  o 

CA  CM  CM  CM  CM 
O  O  O  O  O 

o  c  o  o  o 

CM  CM  CM  CM  CM 

o  o  o  o  o 

•  •  •  •  • 

o  o  o  o  o 

CM  CM  CM  TM  CM 

o  o  o  o  o 
o  o  o'  d  o 

CM  CM  CM  CM  CM 
O  O  O  O  O 

d  d  d  d  d 

kA  lA  lA  lA  tA 
O  O  O  O  O 

d  d  d  d  d 

CM  CM  Cl  CM  CM 
O  O  C  O  O 

d  d  d  d  d 

CM 

ft. 

P2 

CM 

X 

(0 

CA 

th 

IS 

u 

CA  CA  CA  <A  > 
sO  M>  M)  M)  ^ 

1 

%A  kA  vs  *A  > 
kO  kO  >0  k4>  4C 

ec 

O  M>  M>  kO  > 
kO  <>  M>  kO  ^ 

« 

fk.  fk*  fkk  fk.  > 
kO  kO  kO  kO  < 

C' 

CO  00  GO  00  > 
2  kO  ^  kO  ^ 

f 

4 


5 

i 


2-32 


I 


i 

i 

i 

I 

[ 

I 

I 

l 

I 

I 


sz 

It 

V  § 
u  ^ 

H 

u 


3 

§ 


<1  ^ 

6  «) 
U  *0 
«  S  & 

w  ea  «-<: 

S  .g| 

c  S  *^1 

^  *  s, 

“3  s' 


iJ  B 

w4  -M 

a  H 


(A  l/\  tA 

O  O  O  O  O 


«  ed  e 


ooo^o| 
o  o  o  o  o 


o  o  o  o  o 


n  w  , 

<J  o  o 

s  «  c  I 

M  I 

H  <  3  /N 
oa 

tO’O  o  • 
CO  •  >,  c 
^  u  ‘^•- 
e  3  <» 


(14  «  C4 


o  o  o  o  o| 


o  o  o  o  o 


<n  O  O  «D 
«  •  •  •  * 

St/% o  o  rv 

rt 


4^  r%  r%  m 


*.}  O  O 
«  •  •  •  • 

o  o  to  t/%  o 


o  o  o  o  o 


c  o  c  c  o 


o  o  o  o 

r->  r«  < 


(S 

4  H  ml  ^ 


O  o  o! 
•  *  •! 
o  o  o; 


o  o  o, 


o  o  o| 
o  o  Oj 


o 

c  ^ 

O  <7 


O  S 
!*«•  <1 


O  O  ( 
N  N  < 


O  C  O 
CM  N  (M 


e  o 
o  o 


o  Oj 

O  Ol 


O  >T 
«)  <1 


.4 


o  o 
o  o 


o  c 
o  ol 


o  o 
•  • 
o  o 


o  o 
o  o 


o 

o’ 


^  >1 
oo  <1 


o  o 

O  O' 


o  o| 
o*  o| 


o 

c 


H 

^  >l 

CO  < 


2-33 


0.05  0.33  0.0  0.0  0.0 

_ 0.33 _ 0^0 _ .  0.0 _ OiO 


TABLE  III  (Conctnued) 


«>  *0 

e  ■ 

u  «oi 
«  a  3 
U  03  ^ 


^£1- 

a  c4  c 

g 


5  ?15 


15  1 


« 

« 


2  g 


S 

« 

o 

I 


e 

0 

H  6 


o  o 
oo 


o  o 
o 


o  o 
«  • 
o  o 


o  Oj 

o  o 


o  o' 


s 

Q 


I  Ml  Ml 


o  o: 


o  o* 
o  o; 


c  oj 

o  o; 


oc| 


o  o; 
o  o| 


c  o 
o  o 


o  o 


d  o 
o  o 


CO 

CO  M  ^0  O  r*>| 


><  K  K  X  X 


O  O  O  O  o| 

M  N 


o  o  o  o  o| 

•  •  •  •  »l 

<<4  N  N  C4  N' 


M  M  M 


H  M  M  M| 


00  f*>  'I?  CO 


CO  O  O  CO  N 

•  •  *  •  • 

n  m] 


CO  rJ  N  ov 
n  N  n  N 


>  bT)  «iO  I 

»  •  •  • 

>  o  M  «o  I 


I  O  r\  O  • 

»  •  •  • 

<  N  O  N  « 


o  n  o  (M  o 

»  •  *  •  » 

^  N  N  CM] 


o  o  o  o  o 


ooooo!  ooooo 


0»  Cv  Ov  > 
CO  CD  es  CD  ^ 


q 

r4  r4  M  ^ 


O  O  O  ’H  c 


ooooo 


CO  r>  cn  n  > 


H  M  M  M  M 


I  CO  M  O 

«  O  O  O 


rj  r«>  •/>  «0  CO 

•  •••»] 
O  ^ 


O  O  00  r>  CO 

•  »  •  •  • 

C*|*  ^  iH  M  M 


OOOOO 


ooooo 


•3-  ^  •4'  > 


2-34 


TABLE  HI  (Continued) 


ltd': 

5  .  s! 

C  «  cl  c 

=  "  Sr  a 

^  hI.^!  • 


MMMHM  MHHMM 


«CV>%0  0t04  09'9|  Or^r^rboj 
»n9tM  OOOOOI  «AOr>r>.9: 

«-4 


I  M  H  H  m|  hi  M  h! 


OMM«£C&f4  ihOvO 
•  •••»!  •  •  • 
NOcoNml  «mc»h 


H  4J  «  O  C4 

^  c  M  <4  m!  o 

OJ3- 


M  CO  fiO  «/V 

o  o  o 


f«  O  r»  O  Ot. 

o-o-ci 


m  ^  o  »A 

•  ••••> 

O  O  O  o 


N  ^  f><  «-4| 

•  •  *  •  •  •! 

o  o  o  o  o  o) 


eu  •  vO  1 

c;  C  • 

S  C  M  IM  • 

ca  o 

»4 


e  iA  sy  in| 


H  *5  • 
^  $  C 
9  w  g  ...4 

o  :  «)  s 

5  «  SI  ^ 


o  ei  o  ! 

C  «  c 

•«4  W  Im  I 
H  <  ?  4«^ 

:0'^  cj  • 

c  v  «  >!  e 

M  o  q!«*4 

C  r  o  G  2 

«  4  tt  Sj-^ 
>«*  o  Cii 
tb  O  (M 

S"^ 


OQOOOl  C^IOOQ 
COOOOj  OOOO 


•  •  •!  •  •  •  •  «1 

COO  o  o  o  o  o 


o  o  o  o  o! 


ro  rN  r«>  ^ 

OV  c^  o>  <1 


09  CO  eo  CO  ^ 

9.  C^  <i 


•J 

ed  o  O  u 

21  c  O  > 

<1  r->  ^  < 


2-35 


107^^^  SI  0,03  0,05  2,5  5,0  11.3  I  Slack,  heavy  smoke;  acrid  odor 

Avg> _ 0^23 _ OjCS _ 2^5 _ 5.0 _ 11.3  I 


2-36 


I 


I 

I 

I 

I 

i 

i 


} 

5 


1 

I 


t 


-Si 

& 

£ 


«*5 


O  O 
^  0 


•a'g 

?s 

0  o 

>  A 


O.  9 

TJ  tJ 

.g 


^  O 

8| 


!i 


tJ 

0  9  3 
«J  tft 


0  ^ 

e| 


-I 


s-g  if 


•o 

V 

0 


3 

as 


^  a 


C4 

to  4^  4^ 

0k  (O  O 

CO  Ok  CO 

Ok  Ok  Ok 

*  •  « 

•  •  • 

rs.  00  00 

f*.  f4*  h* 

00  00  CO 

Ok  O  CO 

HI  M  H 

I 

1 

I 

lA  tA  (A 

H  W  H 

CO  CO  CO 

X  K  X 

XXX 

XXX 

XXX 

•  •  • 

X  K  X 

vO  tA  lA 

CO  M>  h> 

Ok  Hp  CO 

O  O  O 

O  O  O 

o  o  o 

O  O  O 

|4»  O  (^ 

•A  o  CO 

o  o  o 

<A  O  N 

•  »  f 

•  •  « 

•  *  1 

0<  N 

C4  N 

<SI  M  M 

CM  N  CM 

Ok  O  Ok 

o  o  o 

M  CM  CM 

fk4  fkp  fs 

r*  ^ 

^  ^ 

M  ^  ^ 

W  ^  rH 

fM 

^  rM 

rM  ^ 

o  o  o 

o>  o  o 

o  o  o 

o  o  o 

h*  O  (^ 

lA  o  n 

o  o  o 

<A  O  N 

«  •  « 

M  N  <S 

W  N  <S 

M  CM 

N  CkJ  CM 

Ok  O  Ok 

o  o  o 

CM’CM  X 

|H»  fs»  rv 

fH 

^ 

^ 

M  M 

^ 

fM  rM 

00  fo 

u*t  00  >0 

O  O  «o 

f*»  o>  **k 

CO  O  Ok 

kA  CM  00 

Ok  CM  pH 

O  «0  CM 

CO  «N  r» 

4iT  < 

<M  O  <M 

O  «n  «n 

^  H*  *A 

C  <A  pH 

CO  CA  »0 

kO  CO  H. 

^  ^ 

^ 

t>4  .ip^ 

^  ^  ^ 

pH  ^  ^ 

pH  pM  ^ 

o  o  o 

»r»  40  *n 

Cl  v>  »o 

kO  kO  «0 

Ck  O  lA 

lA  lA  kA 

lA  kA  lA 

kA  lA  kA 

kA  kA  kA 

O  O  O 

o  o  o 

O  O  O 

O  O  O 

O  O  O 

Q  O  O 

O  O  O 

COO 

odd 

o  o  o 

o  o  o 

o  d  o 

d  d  d 

odd 

d  o  d 

d  o  o 

w 

- 

♦H 

h« 

(>4 

u. 

tM4 

u* 

Cm 

Cb 

O  O  4 

U  O  ' 

o  u  • 

U  (J  • 

2_S_2 

as  as  V' 

O  S>  ei 

s>  o  ^ 

z  as  o 

iS  Z  t 

£>  O  c 

SB  ss  c: 

«o  r>  > 

CO  CO  > 

CO  <o  > 

00  CO  a 

Ok  Ok  > ' 

•M  rH 

^  ^ 

i-«  f«-  < 

r-<  .-k  •< 

W  < 

PH  PM  < 

pH  pH  < 

pp «  ^ 

t 


2-37 


> 

{ 

! 


TABLE  III  (Continued) 


o 


.J 

s 

g 


n 

V 

2: 


M 

u 

u 

K 

(U 


oE 

u  a 

.o 

M 

O.^ 

e 

w  o 


«-4  ^ 

i*  4 
X  o 


a  n 

C  41 

u  *a 
o  a  a 

4J  «a  •-« 


d-S 

^•»<i  6 


e 

He 


« 


£ 


t<  c 

C  •H 

5'- 


sslc. 


I 

H 

I 

O 


a  u  c 

•ed  U 

H  <1  a 

Cfl  < 

8)*0  <»| 
G  V  •  >\ 
-4  U  U  Q 

g  V  6 

3  s 


I 

I 

I 

H  H  M 

I 

1 

I 

I 

I 

I 

I 

I 

I 

H  H  M 

M  M  H 

M  »>4  H 

0^  r* 

CO 

O^  O'  *0 

04  ^  «H 

io  *9  y\ 

O'  (A  3 

C'4  Ae  O' 

o  r>^  cc 

«4>  r*« 

<n  C4  <n 
^  ^ 

CO  «-4 

3  0  0 

3  O'  O 

0  3  0 

r-4 

O'  O  O' 

P-4 

o  o 

O  ^  ^ 

o  <n  ^4 

O  CO  O' 

3  <*>  lA 

O'  ^  (A 

O  rs.  3 

O  C'4  1-4 

0  0  3 

r«.  f»»  f- 

<'4  00  O 

CO  A-  fv 

iA  »A 

«o  o  o 

3  3  3 

3  3  3 

^4  p»4 

O  ^ 

o  m  <N» 

O  CO  O' 

«A  «0 

O'  w  lA 

O  fv  3 

O  f'4  ^ 

3  O  C'4 

•  •  • 

r>  r» 

AT  CO  o 

CO  rv 

lA  lA  lA 

'0  3  0 

3  3  3 

3  3  3 

C'4  t-4  N 

m  M  CO 

n  fA  r> 

o  o  o 

O  C'4  3 

O  r» 

N  C'4  rv 

CN  <0  O' 

r«  tn  o 

rv  -o  •r 

(A  »A  lA 

O*  lA  A, 

3  O'  3 

3  v'  3 

3  3  3 

o  o  o 

O  O  O 

o  c  o 

o  o  o 

o  o  o 

O  O  O 

o  o  o 

CM  C4  C4 

*n 

tA  (A  lA 

»A  »A  lA 

3  lA  3 

3  3  3 

3  3  3 

o  o  c 

o  o  o 

o  o  c 

o  o  o 

0  15  0 

O  O  O 

o  o  o 

O  O  O 

d  o  d 

odd 

d  6  o 

o  o  o 

odd 

O  O  O 

d  d  d 

COO 

b. 

u 

tu 

Du 

tu 

% 

u  u  « 

o  o  • 

u  u  • 

U  * 

a  o  • 

ss  »  e< 

O  3  C 

3  3  C 

^  Z  t 

Z  sc  V 

3  3  cl 
O  O  > 

3  3  M 

5  O  > 

XX  p 

O'  O*  “« 

o  o  > 

o  o  > 

r*  > 

eH  ^ 

^  ^ 

CM  re  < 

M  rd  < 

C'4  C'4  <1  cs  C'4  < 

CM  CM  < 

2-38 


TABLE  III  (Continued) 


JS 

u 


« 


s-g 

n  N 
.H  H 


eC 

U  4J  • 

S_3v. 


eC  ^ 

e  iJ  • 
6(  c 

C  M 


"^1 


O  «M  .  , 

v4  S 
H  ^  O 

iii 


Cue 

U4  U 

<  5d 

aa  •»•, 
a)‘0  a, 

c  «  •  > 

'-I  Vd  u  Q: 

e  9  «  el 

*3  «  «  ®l 
^  «  eil 

fib  «  Cl 

X  -H  I 


w  e 

erl  ^ 

C  H 


Ji 

S 

« 


Ot 

lO 

M  ^  H 

M  M  M 

I 

I 

1 

M  HI  M 

M 

M  M  H 

Z 

I 

I 

M  M  H4 

00 

Cl  CO  00 

«>i4  Cl  O 

in  o  d 

in  ic 

m  o  d 

m  Cl  d 

Cl  p^  O 

•  X  • 

•  •  « 

«  •  4 

•  •  • 

*  X  • 

o  o  o 

O  r4 

^  CM  4-1 

d  pH 

P^  «-4 

«c  -c  •c 

d  in  -c 

00  tn  r^ 

d  -C 

d  CM  d 

d  d  d 

o  o  m 

O  d  pH 

pH  pb  ^ 

PN  prt  pH 

•  •  « 

^  sO 

O  O  O 

O  O  O 

o  o  o 

d  d  Cl 

in  cn  «c 

o  o  o 

o  o  o 

d 

O  O  lA 

O  d 

d  d 

m  o  CO 

o  o  m 

O  O  m 

m  lO  o 

O  00  Cl 

in  r4  00 

1-4  •-«  «^ 

•-I  d  d 

m  d  CO 

sff  cn  cn 

d  d  d 

d  PH  pH 

n  flo 

f-»  cn  m 

cn  in 

d  m  pH 

C4  <*^ 

— 1  d 

^  cn  d 

fH  d  d 

^  ^  ^ 

W  ^ 

PH  ^  ^ 

^  CO  o 

rs.  d 

^09-4 

m  -c  m 

m  o  Cl 

d  o  d 

o  fx  m 

Cl  in  d 

C*  O  O 

CO  CO  CO 

d  r> 

d  O  GO 

nJ  cn  d 

in  d  d 

<N  'tf 

o  ^ 

O  e-i  «-« 

o  o  o 

cn  rx  m 

d  <n  d 

O  O  O 

o  o  o 

in  »n  in 

m  in  m 

m  in  m 

in  m  d 

O  O  O 

O  O  O 

O  O  O 

O  O  O 

O  O  O 

o  o  o 

o  o  o 

O  O  O 

o  o  o 

O  O  O 

O  O  O 

d  d  o 

d  d  d 

o  o  o 

o  o  o 

o  o  o 

d 

d 

d 

d 

ed 

ec 

ei 

oc 

cs 

te 

a 

a 

. 

y  o  • 

, 

o  o  * 

o  o  • 

o  o  • 

9  9  U 

9  9  ec 

2  2  u 

2  S  U 

9  9  ec 

9  9  M 

2  2  u 

2  2;: 

r*»  c-  > 

d.  r*.  > 

Cl  cn  > 

o  o  > 

d  CM  < 

d  d  < 

Cl  Oi  < 

C7i  Cl  < 

Cl  o  < 

Cl  C^  < 

o  o  < 

o  o  < 

pH  pH 

t 

♦  ‘ 

I  , 


1 

1 


2-39 


■S 


(A- 


c 

o 

u 


CQ 

g 


:» 

V 

2 


2  *0^ 
C  4> 
u  •O 


S  "  g 

A  <*4 

H 


m  O 
*  • 
o  rv 


£a 

3  cr 
"^1 


•M  o  o  o 


O  f-*  *-<1 
•  »  » 

(s  N  n; 


8  3 

G  §  El 


£■- 


I 


r>  lA  >o| 
O  O  0| 


o  o  d 

O  O  M 

^  <\ 


-9 

» 


(A  «^  (/> 
*A  *A  fA 


§§  « 
O  O  > 
-♦  ,-1  < 


2-40 


TABLE  IV 


o 

«»4  tW 
44  O  « 

44  «f4 

J  t 


.  W*Ol 
ri  fr  C 
M  Ml 


«d  wl 

«  q 

4)  4J’ 


d  u 
X  « 
Cm 


4J 

:§ 


a 

9i 

os 


«  > 
.  30 

CO  DmI 


<0  * 

OS  M  cl 
u  « 
c 

U  C 
3  H 
oa  <n] 


X 
fl  *i 
u  » 

9  C 

n_5j 


o 

•H  O 
Ml  a 


ti 

u 

o 

« 

X 

u 

o 

fH 

4P« 

o. 


«9 

» 


o 

t>4 

•rl 

c. 


ei 


« 

CO 

o 


"O 

c 

C9 


3 

o 

o 

o 

CO 

-o 

cn 

M 

0^  <A  04 

O  CM  «-4 

o  o  o  o  o 

O  O  O  Cp  o 

CO  pm  O 

lA  O  CO  CO 

rH  M  M 

CM  M 

On  OO  ON 

o  M  M  O' 

CM  pH 

CM  CA  pH 

o  rk 

ct  r«  ox  in 

o  <n  r- 

O  pH  lA 

O  O  O  O  Q 
o  o  o  o  o 

o  o  o  o  o 
o  o  o  o  o 

eo  M  r> 

O  pH  nO 

23§S 

sO  ^ 

pH  fn 

^4  pH  pH  pH  pH 

pH  pH  rH  pH  fH 

cn  eo 

ON  cA  O  CO 

pH  CM  pH 

pH  CM  pH  pH 

M  Ox  00  fO 

o  o  o  o  o 

o  o  o  o  o 

pH  CM 

r»  CO  o 

•-4  (S  C4 

<n  lA 

nO  NO  nO 

fM 

o 

o  o  o  o  o 

o  o  o  o  o 

»A  NA 

CO  cn  M> 

o 

o  o  o  o  o 

o  o  o  o  o 

CM  CM 

d  c  d 

>0 

CN 

CM  lA 

ON 

pH  pH 

+  +  ^^ 

NA  *A  » 

\  1  1 

O  1 

o  o  o  o 

o  o  o  o 

1  1 

NO  nO  nO 

NO 

O'  CM 

pH  pH  NO 

pH 

C4 

NO 

CM 

pH 

O 

o 

pH 

^H 

CM 

OS 

(M 

u« 

(t4 

tl* 

, 

. 

u 

01 

ec 

6! 

u 

pH  ^  > 

CN*  CM  > 

n  CO  fo  > 

•O  -O  *0  *0  > 

lA  lA  > 

NO  NO  NO  > 

< 

< 

< 

<s 

< 

< 

ed 

Mr-? 

<1 


2-41 


15+  0.6  57  33.21  432 
15+  0.8  60  27.17  372 
_ 0^7 _ 58 _ 30.19  402 


2-42 


0.20  15+  15.8  0.4  48  13.67  150 
0.16  15+  15.8  0.5  38  13.63  118 
0.17  15+  18.8  0.5  48  14.82  162 
0.16  15+  1R.8  0.6  33  15.75  137 
0.17 _ 77.3 _ 0^5 _ 43 _ 14.47 _ 142 


o 


5 


« 


•O 

^  a  0 

2  o  4J 

•-<0.9 
(b  (0  fit* 


U  0 
9 

9  U 
S  Q 


V}  Cbl 


b  c  ' 

0  M  : 
cfl  'o'  r 


C  wj  • 
b  d  C 
3  Cl-b 


O 

*H  9 
u  6 


jO 


•M 

^  o. 


4J 

o 


00 

c 


u 

o 

#H 

a 


9 

00 

e 

•i>4 

g 

3 

.O 


u 

g 

tb 

o 


85 


o 
d  u 

o 

c  •-• 

U  9 
3  tM 


O  O 
C  b 
•3 

« 

9  9 
O  £ 
•O  *J 


M 

« 

M  M 

*3 

iJ 

o 

pH 

pH  pH 

a 

1 

9 

X 

9 

X 

9  9 

X  X 

9 

a 

ON 

ON 

CM 

3 

Ch 

(O 

o 

.0 

M  ^ 

CA  CA  00  O'  CA 

tA  «-(  O  CO  •-* 

On  lA  nA  nO  fH 

CA  CO  On  ON  >0 

CM  pH  .O  NO  CO 
<0  O  NO  pO  CO 

(M  r*.  *0  NA  ON 

.0  -o  tA  ^ 

40  vO  < 

CO  M  W 

CA  O  O  O  fH 

f.4  rM  ^  W  ^ 

^  pH 

NO  o  o  o 

ON  o  O  O  CM 

ON  lA  CA  ^ 

nO  hO  CO  tA  CA 

rn  CA  O  O  O 

V  '  lA  O* 
«A  CM  CM  pH  ON 

O  p  o  o  o 
o  5  o  o  o 

OS  O  NO  C4 

pH  CA  CM  m  CO 

OV  ^  ON  CO  00 

ON  lA  fH  t-(  .0- 

CM  CM  O  CA  CM 

sj  tA  .O  tA 

On  CO  rn 

pH  (H  pH  pH  pH 

fM  .b 

pH  fH  pH  pH  pH 

ON  CM  (A  CO  CO 

sO  CO  ^0  nO  pH 

<0  ON  iA  o  CD 

ON  O  CA  C^  tA 

On  O'  »H  On 

<^4  ^  r- 

CA  CM  CM  CM  <M 

•0  CA  «0  CA  < 

•O  CM  CM  pH  CM 

^  fH  CM  ^  pH 

CO  •b  o  W  00 

*0  CM  CM  -M  CM 

CM  pH  ON  Ch 

O  CO  CO  l-H  On 

CA  pH  pM  lA  CA 

pH  CA  C^. 

rn  n  <N4  M  <N4 

O  O  O  O  O 

M  O  •-*  fP* 

PM  d  o  d  d 

d  d  d  o  d 

o  d  o  o  o 

^  NA  OO  NA 

On©  .a 

O  On  r»»  lA  'A 

pH  A  tA  o  eo 

ON  00  pH  rt 

<A  r>.  -* 

C4  Cn.  ON  pH  o 

pH  fs.  CM  O  CM 

CM  CO  CO  ON 

CM  w  CM 

pH  pH  pH 

pH  pH  rM  pH 

pH 

CM  tA  tA 

4  n  ^  + 

-M  »0  CA  CA 

*  AA 

+  +  +  + 
nA  lA  lA  tA 

4.  pH  pH  PH 

tA  1  1  1 

CA  CA  <A  CA 

On  CA  O  O 

pH  pH  pH  P4 

pH  pH  pH  pH 

pH  ON  CM  CM 

O  O  O  O 

pH 

0  0  0-^0 

NO  CO  ON  CM  .M 

CM  fp.  CM  CO  CM 

^  «A  CM  O  vO 

nO  CC  nO  O  nO 

'O  rv  r-»  O 

O  O  --  -M  — 

PH  O  --  -H  pH 

pH  o  CM  CM  pH 

»H  pH  pH  CM  pH 

pH  pH  pH  ^  pM 

o  o  o  o  o 

o  b  o  d  o 

o  o  o  o  o 

d  d  d  d  d 

c  o  o  o  o 

o  o  o  o  o 

to. 

to* 

to* 

to. 

to. 

fiu 

ec 

cic 

CC 

u 

u 

«rN  *A  VN  > 

>0  O  >0  nO  > 

f>.  fH.  r>*  > 

CO  CO  00  CO  > 

On  On  ON  On  > 

o  o  o  o  > 

^  ^  ^  ^  ^ 

-b  < 

pH  pH  pH  pH  < 

pH  pH  pH  .H  *9 

pH  pH  ^  *9 

CM  CM  CM  CM  Hi 

2-43 


IV (Continued) 


o 


S 


u 

cu 


5 


u 

c 

o 

u 

w 

« 

e. 


O  Q  X 
i  «  «) 
«  w  *0 
^  0.  6 
b(  M  H 


<3  ^  , 

be  V)  (»<' 


W  0 

n  tj 

a  o 

*  .? 

be 


«  X 
4J  U  _ 
<9  «  e(  •H 
«  M  ^  “ 


zt-^' 

3  M  5 
M  r 


ed? 

3 

"^r 


i 

ss 

•H  vd 

C  H 


o 

3 

C 


c 

o 

o 


«  o»  n  n 
o  «>  o  o 

X  X  X  X 
n  »  tt  ta 
Q  4  iO  « 

^  rH  rH  fH 
be  be  be 


CO 

o 

CO 

O 

A» 

fd 

'O 

Cs. 

C)  rt  o  n  trt 

09  ri  n  c9  o 

*0  tA  -o  no 

O  9  Fd  Ae  O 
CM  9  CM  CM  CA 

Fd  On  Cv  •«<  9 
A«  O  Fd  9  ^ 

CM  Fd  Fd  ed 

9  O  9  O  Cn: 

CO  O  <^  NO 

Fd  <  .O  eH  CA 

C^  <0  <-4  O 

lA  CM  CM  CA  CA 

9  9  rs.  «d  o 

Fd  ^  ^ 

r*«  nO  w^ 

nO  <A  <A  CM  ON 

9  O  CO  CO  CA 

*0  Ae  »d  9  A. 

CM  CM  9  CA  9 

O  ^  (^i 

On  <A  »A  F*d  On 

Fd  CA  *0  nA  «0 

Fd  CA  CM  On  9 

Ae  On  9  Fd  9 

A.  On  Ah  O  9 

NO  O  O  O 

CO  CO  o  eO 

NO  CO  <r  NA  00 

9  9  9  On  On 

9  (Nl  A»  O  9 

CA  NA  On  9  *0 

M  <NJ  F-e  M 

f4 

CM  CM  CM  CA  CM 

rd  Fd 

NA  M  fN  rn 

ON  CM  CO  On  fv 

NO  9  On  ON  CO 
9  ?S  <  CA  .? 

y  e  CM  CM  fM 

lA  Fd  9  M  9 

CM  ON  9  O  CM 

^  M  fM  f>4 

M  f4  Fd 

Fd  CM  CM  Fd  Fd 

9  Ah  9  9  9 

A  NA  Ah  9  9 

e-e  <A  CN  -J 

CM  CO  (A  ^  rn 

r-e  <t  9  O'  A* 

CA  O  O  Fd  Fd 

Fd  CA  »A  CA  CA 

9  NA  Fd  lA  CM 

Fd  O  O  O  O 

Fd  CA  CA  Fd  CM 

Fd  CA  CM  A|  CM 

9  9  9  CM  lA 
Fd  ed  ed  Fd  Fd 

CM  CA  Fd  Fd  CN| 

O  »o  r«.  <M 

O  O  Fd  o  o 

r-e  NO  Ae  9  CM 

ON  9  A»  O  nA 

9  9  CM  CA  CM 

A>  Ah  9  9 

(A  Fe  o 

c>j  (M  Fid  F 1  <M 

v^  CM  Fd  CNl  *A 

N  Fd  rd  Fd  Fd 

9  A»  nO  A>  A> 

Fd  Fd  ^  ^  ^ 

nA  9  nA  9  »A 

CM  CA  CM  CM  NA 

ed 

CM  CM  CA  CM  CM 

<N«  <s  m 

CM 

iJn  iJn 

*d  Fd  W  ^ 

CM  CM 

CM  lA  lA  lA 

•M  F^ 

Fd  ON  <^  NO 

ON  Fd  O'  ' 

Fd  Fd  f4  ed 

9  CM  Fd  Fd 

ON  C*  ON  fs 

On  nO  nO  CA 

9  On  9  O 

ON  CM  CM  CM 

Fd  Fd  Fd 

('I  r*.  ON  O  ON 

(A  tn  9  rd  nO 
O  O  O  O  O 

9  nA  A.  O  A" 

Ae  &  CM  O  On 

fh  o  O  fh  O 

O  O  O  Fd  o 

O  Fd  f4  Fd  O 

O  Fd  Fd  Fd  Fd 

Fd  Fd  ^  Fd  Fd 

o  o  d  o  o 

o  o  d  d  d 

O  O  O  O  O 

o  d  O  9  d 

o  o  o  d  O 

d  d  d  d  d 

M 

CM 

CM 

CM 

be 

be 

be 

be 

f4 

9i 

, 

. 

ti 

u 

w 

ec 

Fd  Fd  f>4  Fd  > 

CM  CM  CM  CM  > 

CA  CA  CA  CA  > 

9  «0  sj  9  > 

nA  NA  A  NA  ^ 

CM  CM  CM  CM  < 

CM  CM  CM  CM  < 

.M  CM  CM  CM  < 

CM  CM  CM  CM 

CM  CM  CM  CM  < 

2-44 


c 

g 

I 

«• 


o 

a 

o 


c 

g 

u 

o 

a 

« 


A 

m 

m 

Ut 


•H  <M  « 
•W  O  <H 
<U  U\ 

S  51 


w  u 

V  0 
<3  «i  < 
O  U  «S 

Oh  TS 


£ 


<9  X 

4J  *-4  4J  e 

3tf  «  ^ 

'H  c  a 

4<  «  *S. 

g  ^ 

M  6  e 

9  H  ;  *H 

M  *,/  n 


o 

w 

& 


,  X  ^ 
CS  A'  * 

S  S5 


»4 

2 


0 


•0 

lA 

K 

so 

lA 

so 

pN 

os 

d 

cA* 

(*)  a 

CO  ^  ^ 

Pi*  M  W  C4 

<-i  CO  O  «0 

rc  w  iAs0 

WMA  Os  d 

lA  p4  CO  d 

C*  «0  O  SO  SO 

CA  pa  Os  sD  O 
d  so  n  n  00 

lA  (A  d  CO  SO 
O  d  d  (^  d 

pa 

O  <0  pa  < 

sssss 

sssss 

RS;jt.SS; 

d  *0  pa  Os  d 
d  d  sO  d  fH 

(A  Os  Os  O  os 
SO  dec  OssO 

d  lA  c^  d  tt 
•a  ^  s0  lA  CA 

•  •  •  •  • 

o  *-<  o  n  ^ 

W  »>4  p4  p>4  «N 

pa  ^  ^  ^  pH 

•0  ^  ^  pi  ^ 

lA  (A  lA  ^  lA 

d  SO  d  d  CA 

SO  tA  sO  lA 

<*4  f^  O  •*< 

os  00  so  M  ^O 

|p)  tA  pa  d  CO 

CA  d  CO  d  O 

CO  <0  O  0^ 

pa  Cl  ^ 

n  ea  o  lA  *0 

sO  lA  d  iO  lA 

(A  <0  lA  sA  *0 

d  so  «  d  d 

SO  0«  n  <S  O 

C«  C»  CO  c» 

d  eo  00  pa  pa 

pa  d  sO  00 

d  CO  sO  pa  d 

O  d  CA  »0  d 

c»)  (Tl  p4  r) 

o  o  O  O  O 

o  d  d  cA  o 

lA  IA*0  -t  *0 
d  Cl  d  d  d 

^  sO  sO  00  d 

pa  Os  ^  d  s0 

pa  pa  p*  ^  pa 

ca  pa  p4  pa 

M  P>4  CS  <S  *-< 

sO  <0 

CO  C-  O  p-* 

CO  d  CO  <A  pa 

0«  so  Os  CA  d 

CO  CO  pa  lA 

cn  r>  Cl  n  n 

d  d 

<A  Os  to  O 

cn  st  *0  d  ^ 

d  ^  d  d  CA 

«A  lA  lA  SA  lA 

pa 

pa  pa  ^ 

d  d 

d  d  d  d 

d  d  d  d 

d  d  d  lA 

pj  ^ 

Cl  «A  so  <A 

pa  pa  o 

pa  ^  pa  pa 

pa  ^  pa 

pa  pa  pa  pa 

O  O  O  O 

(*)  ^  Ch  o 

Os  Os  Os  Os 

Os  CMVs  c^ 

p4 

<n  p4  00  <n 

p4  W  (H  p4  ^ 

32gSS 

pa  Qs  d  d  p4 
pa  o  <-1  a« 

•A  ^  d  lA  pa 
Cl  d  p4  d  d 

d  pa  d  d  so 
d  pa  O  d  p4 

d  sn  'O  OS  d 
•a  p>  d  d  d 

d  o  b  d  o 

o  o  o  o  o 

d  d  d  d  d 

O  O  O  O  O 

O  O  O  O  O 

o  o  d  d  o 

s 

Cl 

pa 

cn 

CA 

CA 

•m 

pi 

CO 

CO 

CO 

« 

« 

u 

tt 

et 

r«k  r«  c»  fH  > 

a>  00  €0  CO  0: 

O  o  O  O  p! 

pi  pa  pa  pa  H 

d  d  d  d  > 

Cl  M  M  Cl  < 

d  Cl  d  Cl  ^ 

CA  CO  CA  CO  < 

CA  CA  cA  C)  < 

CA  CA  CA  < 

7A2ILZ  tv  (CocitlnuKl) 


g 


3 

U 


m 

4J 

« 

8 

S 


8 

S 


»4 


u 

I 


u  o 
*i  Q 
Sum 


S-5  _ 

55|S 

9  h: 
n  wc~ 


ih  tta 


r<» 

A 

CM 

A 

A 

A 

n 

A 

O 

w 

A  O 

<0  ^  *f\trk%o 
ro  A  9 

CM  ^  A  A 

A  CM  A«r  A 

A  A  0^ 

A  CM 

A  O 
^  A  O 

«M  #4 

sss 

AAA 

S88 

AAA 

A  CD  A  A  O 
A  A  A  A  A 

a  *0  o  <n  f<4 
V^  N  M  A  A 

Ok  CM  A  A  «-4 

K  A  r«» 

CM  A  A  O 
O  CM  CM  A  A 

O  Ok  A 
A  rc  Ok 

A  A 
A  f^O 

Ok  rk«  A 
A  ^  A 

A  A  rk>  A  A 
A  c^  A  w 

A  A  A  A 

r^<0  A  A  A 

O  A  A  A 

CM  A 
^  ^  ^ 

O  A  CM 
AAA 

r%  IV  o  Ok  A 

4A  <n  o 
tn  lO  A  A  A 

A  O  A  A  A 
••4  CM  CM  A  CM 

A  A  Ok  A 

M  *-«  f4 

A  *41  Ok 
A  A  CM 

AAA 

AAA 

A  O  O 
AAA 

A  tv  A  A  A 
CM  CM  CM  CM  N 

^  O  A  <-4 

A 

•H  ^  ^  iM 

A  «-«  A  A  f«> 

A  r«»  A  A  A 

N  O  A  A  CM 
•  •  •  •  • 
•H  A  N  CM 

M  00  Ok 

AAA 

^  Ok  0^ 

AAA 

A  A  CM 

AAA 

Ok  cv  n  Ok  ^ 

CM  A  CM  1-4  CM 

O  f-4  A  O  «4 

Ok  A  A  O  A 

A  vM  O  v4  N 

A  O  A 

A  O  CM 

A  O  CM 

A  rv  A  fk*  Ok 

rs  rs  r«>»  r«> 

A  A  A  *9 

A  A  A  A 

r»  O  A 

vM  CM  *4 

P»8 

!?88 

A  A  A  A  A 

M  M  CM  «>4 
^  ^  ^ 

«  A  A 

•M  0\  v^ 

A  A 

AJ; 

M  vM 

CM  CM  CM  CM 

*1*  *1*  7  *•* 

A  O  ^ 

o^  A  o^«k 

A  A  A  A 

A  N 

^  A  A  Ok 

A  <M  A  O 
«H  CM  CM  *>4  CM 

28832 

O  A  Ok  A 

M  ^  M  ^ 

o  o  o 

•-4  iM 

888 

888 

A  A  A  rv  A 

^  «-4  vM  ^  r4 

o  d  d  d  d 

d  d  ood 

d  o  o  o  d 

o  o  o 

o  o  o 

o  o  o 

ddddd 

A 

A 

A 

A 

A 

A 

c 

s 

c 

3 

A  A  A  A  5 

A  A  A  A  < 

S  c?  S  S  4 

M 

A  A  A  A  > 
A  A  A  A  < 

u 

A  A  > 
A  A  < 

« 

r*  rn  > 
A  A  < 

821 

88881 

2-46 


TADLE  IV  (Continued; 


d 

o  c  >*. 

•04  0  W 

O  C 

••4  U  4) 
<M  <U  U 
O  ^ 

JU  O 

s& 


•o 

d  «  K  y-H 

fl««  •  OkCOO^OO 
S^*aH  '^•9ooo\r«. 
0,  c 

&«  M  H 


N  h*-  «o  H 

o  1-4  4i\  r* 

C4  n  r> 


•a  u  sC  e*t  r\  40  tf\ 
OdQy^  O^C0^r»O 

SOiJM  •«•«« 
irfUCh  r^oocooov 

«H  d.  4  wy 
Cm  M  ti4 


nen  <o  w 


GO  «H  O  f*4 

4ri  •-«  «H  to  O' 

•  •  «  *  • 

f>>  O  NO  «0 


(*^  •'4  Id  1/^  ON 
♦»>  W  «d 
*  •  »  » 

ON  iH  CO  cd 

^  ^  ^  r4 


ho  ON  ON  |S»  4*N 

O  N  Nd  o 

*  •  •  »  e 

O  O  fH  eg  NO 

cd  eg  cd  <g  eg 


u  o 

4J  0 

dw  •  ho^idOi^ 

«geo  MMojcdrt 

S  Cl  Cl 
CM  *0 


ON  Id  Id  Id  ^ 

*0  <r  nO  «o  «o 


ON  no  o  eg  < 
Id  ^  I 


o|^ 

$9  ^ 


<d  Cl  fH  <d  eg 
•  •  •  •  « 

<d  eg  <d  en  «d 


^  NO  ed  ON 


CO  rd  iM  Id  gfl 


41  X  « 

tJ  f-i  w  c: 

(S«e4CS  ••••• 
N9idcged«9 

itf  d 

0  M  S 
oa  ^«d|^ 


edididOOi  e0NO»dr*'O|  eofdi-io«d  cdv-i^^OM 

e^h*r>«.OMl  egegegegNi  fd«d«didyg|  h..cdvHidfgl 

*d<deg<d<*y  I  edcgegeg  egegegv^eg 


43  y^ 

p  *j  •  Id  Id  Id  Id 

U  c:  «-(  tH  yg 

9  C  «r4  till 

(0  g  N-'  eg  d  eg  eg 

«4  ^  vH  «M  «-4 


eg  Id  'd 

^  fH  +  ^ 

I  I  Id  • 

ON  eg  «-4  eg 


Id  .  <g  eg 
^ 

I  Id  I  I 
eg  r>4  ON  On 


00  d  r*«  d*  es 
*•4  M  o  o  ^ 
•  •  • .  •  • 
o  o  o  o  o 


ciaidNOr-.}  T^ONdhieCN  egidegcdcd  f-eoiidNOO 

OOOOOl  ^OOOO  Mv-tMtMvH  fHOi-IO<-i 

OOOOOi  ooooo  ooooo  ooooo 


nC  NO  NO  NO  >1 

.0  ^  <  .0  <1 


rv  hu  d*  M 
«0  nJ  Nt  *0  <1 


OO  CO  CD  CO  M 

NO  nO-  *0^  ^  <1 


On  ON  (^  Oi  ^ 
nO  *0  nO  -<1 


o  o  o  o  ^ 

Id  Id  Id  Id  <1 


Id  Id  Id  Id  <} 


2*‘48 


0,05  0-3  1.0  18  1,00  A,1  Flaihes  to  6  inches 

0.05  0-3  2.7  13  1.00  2.9 

0.05  6-9  6.8  0,7  22  36.37  182  Flashes 

0.04  6-9  7.5  0.9  21  10.94  52 

Q»PS _ 1,2 _ Ij^ _ 19 _ 12.33  61 _ m _ 


U  ft  G 

U  ti 

«  U 

O  «H  ^ 

a  w  a 

8 


So  h  (i 

>4«a  H 

a  c 

tM  (0  H 


o  o  rj  ^  H 

C«4  C4  00 


N  ^  ^  t>4  O  M  <*)  •.^  n  00 
0\  O  O  N  n  9«  ^  U^  P4 
fHWF^cnN 


iAW%«»0\fn  CQOvCt^N  lA>.»0<rv 

^oeof^o  ov  ov  I/)  o  o^  m  tn  D  oO  co 

•  *•••  •tAV*  •»•*•  ••»•• 

tf><^flOeo^  sOrnOo^r^  o«hco«>^^  r^OiAOO 

^  (*>  N  MN  0^  h»  r»  o 


t/>  GO  n  9t 

N  o  tt  col 
^  ^  n  (mI 


CM  lA  u>  O  0| 


(nu>eoso«o  ^gococmco  f-4O«tfv0iA  iacmocm^  r> 

CMCM«-«nCM  ^CMCMMrrSI  O  tA  1^  «0  ^  M  N  t-4  M 


o  o  o 


I 

<-40tAGOCo|  CM'iOlAOvO  OvCOIA^CO  Ov(Ar>0\(D 

•  ••«*|  #•••»  ••»»•  •••«• 

f-ii^OOO|  cM(M»^o«CM  iAtn<.0iAin  0*^000 


c*>  00  rt  ^1 

•-»  W  F-tl 


•-4  xo  CO  n  «9| 


«  X  • 

»j  u  e 

«itiecM  *tfin%oo-;r 

0S*r<C6  ••••• 

w«'s»  tf>(n*9xoto 

ev4  « 

c.  d 

9  M  :  <p4 
O)  w  D  s.^ 


'I 

«r»  r>  col 


«0  CO  lO  ^  xO 
CM  CM  «A  n  r> 


O  O  O  O  CO 
O  lA  O  O  (O 

xo  rv  o  xo  r*> 


d  u  • 

W  CC  c  cx  xO  xO  ox 

9  C  «H  I  I  t  I 

Ma  ^  x-/  xo  in  r»  xo 


Ox  <*>  Ox  Ox 
till 

xO  O  xO  xO 


•A  CM  CM 
w  ^  Ox  ^ 
till 
CM  ox  xO  ox 


e 

O  /•X. 

•«M  «  •  XA  XA  CO  xO  xO 

*>  B  G  OOOOO 

•*««* 
CH6  OOOOO 

GO  ’xS’ 


Ox  Ox  Ox  O*  ^1 
OOOOO 


•-4  O  f-4  *-4  fHl 


OOOOO  OOOOO  OOOOO  oooool 


XA  xA  lA  <0  XAI 

o  o  o  o  of 
•  •  •  •  *1 
o  o  o  o  o) 


CM  CM  CM  CM  >1 
XA  XA  XA  XA  <1 


4AIAXAXAM  xdxOxOxOM 
IAIAIAXA<|  XAXAXAXA<i  xAXAxAXA<| 


2-49 


TABLE  XV  (Continued) 


Vi 


s 

H 


& 

fA 


U 

s 


iss 

9  ^*0 
«H  a  c 
fi«  0)  M 


•o  idl 
S  *  Oi 

Sow 

8  ^  u 

•H  O.  « 
Cl«  M  thf 


r<^  n  coi 
W  C>l  N  «Mr 


^  eo  $  ^  M 

^  ^  O  OS 

so  P  W?  ej  sol 


*£i 


o  £ 

«J  1-4  ijJ 
(9  «  od 

rt  cr 
u  « 

9  MS 

ta  ^«n| 


os  r4  €0  co| 


H  *-4  n  O*  sO  IV 

B  •  •  •  •  • 

^v  cr  so  rv  >o  m 


"5l 


V4  V 

u 


sO  sO  P  vO 


O  Cl  fv  O  csii 


^1  ■  « 
51 


00  CO  00  00  V 

tn  n  sn  m  <1 


o  o 

n  o 
«  Q 

W  M 
Ut  Bu 


O 

S-2 

O  M 

eg 

O  M 

u  c 
a 


g-® 

M  *0 


li 


C  U 
M  O 
M  M 
£  M 


fi-S 

«  M 

e  M 


.gs 

S'® 

l}« 

su  e 


c 

M  o 

^  M 

X  M 
CO  O. 


«*rf 


«s 


.s  « 
*•  o 

S'® 

g  <o 

44  C 

0 


u 


G  U 

o 

(d  M 

X  M 

(o  e* 


so 

p 

p 

M 

sO 

OS  sO 

4-t  CO  <0  O  <9 

p  P  M  P  iiM 

O  O  P  P  p 

• 

*  •  *  *  4 

•  4  •  *  4 

Os  M  sft  rv  <0 

CO  CO  O  CO  so 

P  P  P  SO  *9 

p  p  p  p  p 

p  p  p  p  p 

N  M  M  «H 

O  d  (O 

M 

4A  «A  «»  OS  «H 
SO  SO  •-«  M 

O  rv  rv  O  «H 

o  d  rv  o  so 

8SSSS 

O  P  P  CO  P 

o  o  o  o  o 

O  O  O  O  P 

o  o  o  o  o 

•  •  «  «  4 

4  4  4  4  4 

4  *  4  »  * 

sO  «o  «0 

M  P  <0  M  SO 

M  M  ^  M  M 

^  M  M  M  M 

M  M  M  M  M 

M 

CS  fv  Srt  00  V-S 

Os  Os  10  C*  d 

P  Os  OS  d  o 

P  O  P  P  p 

P  P  P  O  P 

M  M  M  M 

to  d  d  »o  10 

M  M  M  d  d 

d  M  M 

M  M  M  d  M 

^  M  o  ^  d 

so  M  CO  Os  M 

o  o  o  o  o 

oo  oo  o 

o  OP  9 9 

M  d  O  d  d 

ro  M  M  d 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

so  sO  O  sn  09 

S  ■-<  n 

4  4  4  *4 

^9  ^  ^0  ^0  sO 

O  M  O 
CO  M  M 

SO 

OS  Os  0>  Os 

CO  M  sO  CO 

C»»  CO  P  CO 

CO  P  P  P 

p  p  p  p 

P  SO  sO  sO 

o  d  CO  o 

o  o  o  o 

o  o  o  o 

0  0^0 

O  O  M  M  M 

o  o  o  o  o 

***** 

O  O  O  O  O 

o  o  o  o  e 

d 

d 

d 

d 

d 

i4 

tu 

Pm 

Cm 

Cm 

• 

* 

• 

• 

0>  Os  Os  OS  s* 

o  o  o  o  ? 

d  d  d  d  > 

so  so  so  so  < 

P  sO  so  sO  ^ 

p  p  p  p 

p  p  p  p  p 

p  p  p  p  < 

2-50 


i 


i 


I 

I 


I 


fl 


L 


c  I 

U  S 

•H  O  ^ 

U  «r(:  c 

H .  «1 « 


<3 


«-40r*«CUO 

o  *«h|  w  «>4 

<n  <si  uS  ^ 


cn  pj  tnl 
lA  cn  r-l  rM 


Ot  l/%  u> 

€0  lA  <4^  tO 
r<4  r4  •«  P4 


Ov  P4  ^  'A  vH 
•  •  •  •  • 
00  p4  ITk  Ov  fM  tv  lA  vO  SO 
ITS  C*^  C*)  p4  O 
P4  c^  •.}  *.^  in 


•o  u  oo  <n  Ok 

ocio«*N  •o«^o<nos 
i«wa  •••«• 
osOtA^oe 
rvfHcoaco 
o«  to  Ox  ^ 


SS388 


SkO  tv  kOt  t-i  lA  fv  fH 
•H  lA  H  Ct  1-*  kO  O 


N  <n  Okl 
tH  rH  CA  rx] 


CMOkO«-trv  OOQOPl 

<k40iHtvN  OOOOO 
*»•€•  *•••*! 

cn^COlAO  «><r«f-lr-lf-4l 

cn  >0  kO  lA  lA  1 


U  P 

0 

q«J  *  Ok^OOfvkO 
4  «  00  M  W  <M  ^ 

».55 

tu  yi 


<k4  tv  <A  rvl  c  kO  oo  tn 
CM  M  *14  »^l  tv  (A  tA  kO] 


<otneocA(M  tA<n<?-*Ptv 
tAtncMcntn  r*  t-4 c4  c4 


kO  -o  tn  tv  CM  cn 


*4kO*OkO<0  kACArvkAol 

•  ••*• 

OOOOO  >tlA*OSAlAl 


<1  .C  « 

4J  ^  41  C 

qqUM  OOsAOOk 
CtfMCS  ••  ••  • 
uovo.  OOrvOk^ 

g*4*J  •  kOIACAONO 

c.  c  ^ 

3  WS  ft 

«  Vi'cn 


X  ^ 

s  4i  •  M  SA  tA  «A 

M  Qi  C  ^  *4  *-« 

9  C  v4  I  I  I  I 

cq  q  N-'  Ck  CM  CM  CM 

^  *4  ^  ^ 


io 


O 

0  ^ 

^  O  •  ^  CA  • 

U  g  C  0  0  4 

*3  P  *3  o  o  < 

to 


c  o  o  o  o 

•  •  »  •  • 

o  o  o  o  o 


O  kO  r4  *H  rvl 
CM  CM  >0  CM  cm] 

•  »  «  •  •f 

o  o  o  o  ol 


0  lAUMAkA§»  k0k0\0^  tvtvtvM 

a  2vOOkO<|  k0k0k0>0<  kOkOv9<  kOkOkO<| 


OOCQCOCOM  OkOkOkCTk^ 

kOO\OkO<|  kONOsOkO<| 


2-51 


K 

9 

U 
U  O 
O  W 

il 

eO<H 
C  ^ 


«  o 

«-4  f 
3  « 


.  5 


O  «i  I 

6  « 


4J  ^ 
O 

n  e 

o  «o 

■S  (S 

o 

iw 

3  O 
*4 

§o 


«  e 

65 

3  W 

^  a 

•H 

^  3 
C  C  C 

^•O 

f-t  f-«  Ai 


‘O 

<1 

3 

C 

•H 

AJ 

C 

s 


M  «M  «; 

•a  “-a 

5  s 


*o 
o  « 

I  6^1 

*-<  fi.  3 

b  M  HI 


■a  M 

<I  n  o 

g  U  Ai 

8  ^  u 

Cki  M  tbi 


u 

U  0 
<S  w 
g  u 

35  a 

u* 


s  s 


X 

H  A4 

<  et 

H  C 

AJ  O 

5  Gf' 


it 

“I 


a 

o 

<r1  « 

55 


s 


Ot  NO  rs  Ck  cd 


NO  <n  cn  \o 


CN  O  On  a  . 
O  H  O  O  O 

•  •  •  «  • 

o  o  o  o  o 


c< 

o  o  o  o  > 

rx.  r<*  rs  fs.  < 


O'J 

rx  NO  o  rN^ 


«A  CO  *0  >o| 

•  •  •  • 

o  o  o  o 


rx  *-l  >f 

rxr^  <1 


OO  On  On 

«  •  » 

o  o  o; 


NO  «*>| 

C4  «] 


CNI 
H 
I  I 
On  O 


fNlW  5? 

H  K  <1 


2-52 


X 

3 


X 

a 

a 

tb 


Sg 


lA  lA  NO  On  iH  (p  hs  I 
O  lA  ON  O  ON  n  (N4  < 
CO  N  •><  H 


lA  o  CM 
CNj  ON  rx  no  »a! 


H  CO  n  X?  no| 
«  •  »  »  • 
N  rx  NA  CO  ^ 


O  O  ON  <0  00 
NO  M  NO  NO  rx 


lA  ^  C4  ^ 

'Ti'rii 

M  M  ON  H 


O  O  O  O  O 

•  •  •  •  • 

o  o  o  o  o 


M 

<A  cn  cA  n  > 

rx  rx  rx  rx  < 


rx  rx  rx| 
CN4  rj  f4 


CO  rx  o 

eo  »A  rx 


xJ  'O  >[ 

rx  rx  <! 


<A  Cp  I 
H  rt  ( 


»A  O  CAI 
O  NO 


rx  eo  CO 

•  •  • 

o  CN| 


lA  nA  >T 

rx  <1 


NO  NO  NO  NO  §1 
rx  rx  rx  rx  ^ 


0.20  9-12  3.6  32.4  67  3.85 
0.17  12-15  3.1  38.6  64  4.27 
0.14  12-15  3.8  34.2  71  4.37 
0.14  12-15  3.9  33.1  69  5.03 
0.16 _ he _ 24*6 _ §2 _ 4.38 


j 

i 


1. 


c 

0 


*0 

4i 

s 


> 

H 


«  o 

4J  60 
U 


S 

o 


•H 

U  O 
C  «i 


b 

e 


o 

•o 

9 

§ 

t) 


44 


O 

60 

U 


Ai 

S 

s 

c 

AJ 

O 

d 

#4 

44  4. 

AJ 

9 

9 

o 

rs 

a 

*0 

O' 

44  O  •r 

u 

4) 

o 

A 

« 

o. 

O 

> 

•0 

o  « 

K 

4»N 

e  < 

C 

<a 

c»  r* 

o  cj  r*»  r 

CO  ^  O  M  tH 

eg  NO  is  o  ^ 

'O  g>  (A  (0  'C 

eo  'O  O'  eo  lA 

8  u 

•0 

H 

r*  < 
fO  <0 

•0^  ^  4A  c 

^  *0  sy  lA  *0 

lA  eg  vO  CO  d 

vo  'O  CO  CO  rs 

CA  to  Is  »A  lA 

«H  a  c 

(i4  0)  H 

w  <n  ^  M 

*0 

u 

o»  *H  o 

U%  00  4>  O 

O'  rs  IS  eg  so 

eg  ts  <0  'O 

eg  Is  o  O'  fs 

pH  (A  eg  o  eg 

0  « 

0 

n  O  <s 

tA  <n  «H  is. 

m  IS  cn 

g>  CO  eg  o  c 

CO  »-4  NO  O'  <g 

eg  O'  'O  Is  «H 

e  4 

A4 

»  »  •  *  < 

•  •  •  •  • 

c3  h 

<J 

b4 

eo  CO  cc 

nO  lA  IS  C 

^  CO  <  <4 

•0  O'  <0  'O  4 

lA  A  lA  <0 

^  eg  A  to  ^ 

a,  a 

U*  ViU* 

u 

O 

A. 

0 

« 

A4 

•O  O'  'O  cn 

eg  O'  O'  IS  M 

^  ^  O  CO  CO 

4 

u 

(i) 

cr^  o> 

C^  00  O'  O' 

'O  M  *0  *0 

^7  m  nO  lA  IT 

lA  lA  rs  rs  ^ 

un  lA  >->  VO  lA 

X 

C9 

o 

«>J  ^  r4 

Cb 

*0 

>4 

4 

0 

n  o  r* 

is  fM  n 

•O’  M  tH  h.  1M 

eg  CO  fo  gy  eg 

O  o  CO  rH  rs 

rs  lA  CA  eo 

4J 

M 

s 

0 

B 

r>  n 

xO  00  IS  Is 

>0  gf-  Is  o  'O 

rs  CO  m  eg  >0 

'O  eo  eg  CO  cn 

*0  rs  CO  tA  A 

F 

« 

^  ^  ^  ^ 

«0 

Jb 

JC 

4J  fM 

AJ 

C9  «! 

tc 

•H 

00  O  O' 

00  NO  C4  «A 

fs  o  »A  »A  eg 

rs  ci  -0 

NO  eg  o  O'  eg 

4J 

n  n 

>9  rs  0\ 

g}^  (A  gr  'O  lA 

ro  ^  lA  gr 

pH  eg  eg  eg  eg 

d  M  U 

M  C 

d 

9  H 

: 

v4 

(Q 

£ 

c 

A4 

** 

tn  »n  eg  m 

eg  eg 

eg  eg  eg  eg 

5' 

d 

iA  in 

^  ^  W 

O'  p>4  O'  pj 

1  1  1  1 

pH  pJ  ^ 

pH  C^  C^  pH 

ta 

:s 

^  rJ  ^ 

eg  eg  O'  eg 
fH  w  »g 

>0  O'  NO  O' 

O'  €^  O'  O' 

<7'  vO  'O  O' 

c 

0 

<s 

O  CO  'O  O  lA 

o>  o  o 

IS  rs  a 

»A  CO  «M  in 

•A  iH  OO  rs  lA 

«J 

p 

d 

r-4  C^  M 

CO  eo  CO  *0  en 

eo  lA  lA  CO  ^ 

•s 

*  *  •  < 

«3,H 
^  , 
M  1 

s 

o  o  o 

o  o  o  o 

O  O  O  O  O 

o  o  o  o  o 

O  O  O  C9  d 

«l 

•0 

r> 

d 

5 

CO 

< 

•< 

< 

< 

< 

< 

•1 

o: 

u 

N 

u 

X 

9 

f*«.  r*  > 

OO  OC  CO  > 

O'  O'  O'  O'  > 

o  o  o  o  > 

^  > 

eg  eg  eg  eg  > 

2 

fH  r*  *< 

IS  fs  is 

is  is  is  < 

CO  CO  00  00  < 

CO  00  00  CO  «« 

CO  00  00  CO  < 

E-53 


TABUS  IV  (Contlnved) 


e  c  • 

Q  Q 


e  .o  u 
O  <1  K 

u  a 


o  « 

u  w  « 

U  9  * 
O  9  fi4  < 
«-4  M  ^ 
U  i|  J5  < 

•  «  U  I 

a  >%a  i 

«  W  o4  « 

W  o  t  I 
C  04  ^  ( 


6 

•M 

ji 


!•& 


u  ^  u  S  • 

§  e  o  ^ 

^  »4  o  «i  Z  m 


S.  2 


9 

O  ' 


Ji 

3 


§8 

O 

<04  U 

3  8. 

W  9 

K 

u  u 

ss 


.e 

o 


•  ?  xU 
i«cr« 

«  ^  *9{h  9k  <n  m  m 
fb  M  HI 


a 


f-4 

4 

g 

5 


u 

9 

0« 


C  «  0 


0, 
M  ai 
^1 


0 

O 

U 

Et* 


*-•  ko  f**  <n 
QO  «9  0^  ^ 


u  u 

W  0 
4  U  • 

0  y  “ 

9:  4  « 
0.  *0 


8  n\ 
<a  (■>[ 


2-^6 

SiS-^ 

9  H  :  , 

a  %/<*>! 


n  kO  QO 

H  d  kO  <4 


t4 

9»  •-«  +  Ck 
I  I  lA  I 
kO  Ok  w  kO 


^I«! 


S<<>  kO  ^ 
tA  tA 

fA  fA  ^  CA  ^ 


^  O  <0  <*>  kO 
<r  «A  <t  <9 


>0  «-• 
d  kO  lA  d  d| 


00000 


H  H  H  H 

^  ^  ^  9^ 
•  •  «  • 

Ok  O  Ok  Ok 


lA  O  Ok  «k|  <0 

«4  (4  o  «-4  iH 

d  d  d  d  d 


CA  lA  *A  «A  5} 

«0  «  «0  (O  <j 


kA  *0  -o  H  kjo 


O  <A  kO  H  N 
CA  lA  •»  tA  kO 


«A  Ok  H  CA  H 
lA  ^  kO  H  *0 


^  kO  "O  O  Ok| 
fA  CA  *A  -O  IA] 


H  H  H 

fH  ^ 

I  •  I  I 
Ok  Ok  Ok 


^  9  rk.  tA 
^  O  H  r4,' 

d  d  d  >0*1 


S  dt  S  S  < 


CO  c^ 
04  kO 
fA 


O  O 
M  *0 


r* 

Ok  ^ 


ss 


Ok  <A  H  Ok  ^»| 


(A  C4  kO  lA  K 
O  H  CO  CO  CO 

Ok  <0  *0  <0  d| 


H  H  hk  n! 


•-*  CO  Ok  Ok  N 
^  O  ^  O  *m| 


O  ^  O  <0  Ok 


Ok  Ok  Ok  Ok 
•  III 
kO  kO  kO  kO 


00000 


lA  lA  kA  lA  ^ 

09  <0  «0  C9  <f 


SSSS. 


2-54 


0.41  9-12  6.3  0.7  12  4.96  14  FUthe* 

0.37  9-12  4.9  1.3  10  5.72  13 

0.53  9-12  8.3  1.6  16  6.43  24 

0.<.>3  6-9  8.8  0.9  16  3.78  14 

0.44 _ 7^1 _ 1.1  14 _ 5.22 _ 16 _ 2^ 


•g 

« 

U4  eo 

c 

ss 

4 

IM  f-l 

^  4J 

4  4 

«*4 

u  u 

4  O 
W  O 

ac 


« ■ 

3^ 


51 

51 

il 

C  j 


I  8! 

u  ^ 

•H  <M  4: 

^  0 

5  51 


6 

3 


ti 

e 


Vi  U 
4J  O 
4  w  • 
o  u  «e 

*55 


4 

U 

2 

4 

> 

<H 

U 

4 

*Ji 

e 

it 

4 

« 

M 

e. 

4 

ee 


4 

H 


S“c^l 

9  H  :  , 
PJ  >^ril 


a*'! 

H 


A 

O' 

^s 

«n 

so 

sO  0^  0  C«  *0 

0  0  sO  sO  ^ 

m  in  I’m  in 

0  0  0  N  d 

0 

M  fS  ^  ^ 

d  so  Os  .0 

0 

lA 

S 

m  n  <n  M  0 
r*  -1  0  0 

0  0  0  0  0 
00000 

^  0  <0  »  0 
0  so  Os  0  m 

CO 

m 

'i 

d 

(OsO 

W  4ii4  ^  ^ 

d  0  ^  CO  m 

CO 

d 

CO 

«o 

so 

f"*  n  fs  r«.  ^ 

0  d  m  «o  sA 

0  sO  so  d  0 

so 

^  ^  ^ 

»0  sO  m  sA  »A 

m 

0 

d 

d 

sn  «n  sn  «o  0 

d  ^ 

d  d  d  00  Os 

«n 

^  ^  0  0 

00000 

d  0  0  0  0 

d 

d 

«n  sn  «o  CO  «>9 

Q  d  ^  lA  vO 

d 

SA 

Cl  csi  sn  CO  <s 

d  0  CO  d  0 

^  ^  ^  ^ 

,m4  ^  *H 

d 

d 

^  O' 

fn  in  m  m 

^  ^ 

•.44  ^  ^ 

J; 

± 

d 

sO  ^  sO  sO 

0000 

d 

OS 

0  OS  Cl  sn  r» 

m 

so  'O  0  in  ^ 

d  d  d  d  d 

0 

0 

d 

00000 

00000 

0 

d 

0 

m 

n 

n 

d 

iJ 

•J 

»• 

CO 

CO 

CO 

4 

« 

4 

d  fs  d  f»*  > 

CO  00  CO  CO  > 

0 

«o  CO  CO  00  < 

CO  CO  CO  CO  < 

0  CO  CO  <0  ^ 

OS 

Os 

OS 

S 


in  r» 


m  o  r*» 
m  <r  10 


o  \o  so  sO  M 
0\  os  os  <1 


fi 


2-55 


0.05  9-12  5.3  22  6.77  36 

0-05 _ 5.0  _ 24 _ 23.91  135 


9 


O  O 

£  j: 

^  a  a 

X  o  D 

o  — 

JS 

M  <ti  % 
J1  £  Ji 

o  u  ** 

C 


>«  o  o 
•^  >  > 
coo 
o  o  u 


l>  o  o 

X  ^  £ 

4J  *i  Ai 


e 


o. 

« 


s 


^  ■ 
vox 
Sec 

5  ’s.l 

Oi  <0  H 


n  Ul 

?e  o 

0  «i 
>4  O 

•-4  o.  e 

0*  (0  b«| 


u  c 

9  0 

0  0 

Bm 


JSI-S 

VI  b<| 


«  *-4  C, 

ss® 

SMS 


X 

e  0  * 
^  X  c 


lO 

fOi 

r» 

o 

ft* 

CM  tn  o  «o  69 

N  o  e^  A  O 
to  <*>  •«  o  ^ 

^  o 

to 

CM 

p 

O  OS'  <A  in  CO 

to  rs.  CM 

*.» 

e>t 

^  ^  «>4 

CO  -t  c> 

»o 

eo  «o  M  rv  Ot 
r>»  r-^  t/\  C6  O 

^  Co  a 

o 

P 

CM 

^  •H 

Ot  C*  r> 

o 

o 

0^ 

<^  ca  e4  o^  60 

O  d  69  N  to 

CO  r>>  CO 

«>4 

Ot 

^  ^ 

M  d  0^  r-t 

r>»  «<*  «>4 

<n  r*  M 

C6  to  to  CN  O 

CM 

CM 

^4  W  *1  <M  <N 

«0  M  CM  CO  r» 

>J  »-i  c* 

CM 

CM 

O  lO 

tO 

P 

fO 

0-4  O 

o 

O 

<*> 

^  O  V>  O  9t 

^  ^  ^  ^  ^ 

O.  o 

CO 

n  <>»  f'l  o  ^ 

^  CO  c-  <o 

Ot  CM 

^  f-4 

04 

Cl 

M  W 

CM 

^  ^  %j* 

CO  ^  Ot  <-4 

AAA 

^  ^ 

cn 

CO 

0%  \0  >0  >0 

tO  >0  9V 

O 

o 

A 

tn  m  «A  to 

to  *0  to  lO  lO 

s 

O  O  O  O  O 

O  O  O  O  O 

o 

d  o  d  o  o 

o  o  o  o  o 

o  d 

d 

d 

d 

>>4 

»>« 

V} 

(0 

V)  X  M 

CO 

CO 

CO 

u 

6C 

r«  c»  c.  r**  > 

00  CO  'O  CO  > 

sss 

rs 

o 

s 

s 

^ 

04 

X 


t 


2-56 


Experimentol 


} 


1 


a 

a 


iS 


u  u 

M  0 
<1  W  • 
<1  U  60 

».?  5 

{>4  *0 


s 

•o 

I 

«>4 

I 


2" 


as 


- 

C  HI  • 
M  cq  C 
3  cl'H 


d 

o 

s«- 


SL 

M 


M 

2 


C 

u 

s 

«0 


m  m 

u  u 


&& 


fo  <>1 
•.9  o  «o  o| 


u  u 

§58., 

M  n  cs  <1 


u 

o 


A 


60 

6 

E- 

3 


4i 

O 


g 

d 

s 


•  •  K 
c  u 
1)0*0 
c  u 
0^0 
c  ** 

K*H 

.e  u 

sIS 

Odd 

4-1  tH  (« 

•g‘^5 

M  e  o 
«  ®  - 

B 


5*8 


>  O  60 

6 

•O  U*^ 

Sm  c 
c  o 

«  <«  <H 

o  «  «i 


CO 

£5 

#4 

(M 

«o  o 

Oi 

fo* 

t4 

' 

V* 

O  h»  CO 
^0  0^0^ 
N  f4 

CM  «d 
Ot  CA  « 
N  CM  CM 

349 

220 

285 

«A  ^  CO 
lA 

#4 

o  o  o 
o  o  o 

o  o  o 
o  o  o 

eo  CO  o 
o  ^ 

ro»  <4 

CO  O  CA 

«A  tO  f4 
n  CO  1-4 

O  lA  CM 
O  CO  Ot 

^  ^ 

^ 

.o 

4*4 

0^  CO  Ot 

^  ’  A*  o 

^  CM  *M 
CM 

to  n 

4-^  4^ 

o 

^  4-«  ^ 

83 

107 

101 

104 

CM  *A  cn 
cn  CM 
-«  «<4  M 

tO  c*  ^ 
CM  C  CM 
fM  «  ^ 

25 

29 

27 

rjc'icn 

o  o  o 

ot  cn  r*  »n 

CM  r4  M  c< 

lA  to 

CM  CM  CM 

h*  ^  M% 

tN  CM  CM 

CM  CA  cn 

d  d  d 

^  ^ 

CA  60  Ot 

CO  05 

(*>  CM  CM  CM 

CM  CM  CM 

CM  CM  N 

0-3 

0-3 

0-3 

0-3 

CM  CM 

4.  ^ 
lA  1 

•4  Ot  Ov 

15+ 

15+ 

12-15 

12-15 

0-3 

6-9 

0.23 

0.22 

0.23 

*4000 

^  #H  ^  fH 

o  o  o  o 

‘  cn 

•4  vM 

odd 

0.11 

0.12 

0.12 

u» 

6u 

s 

S! 

a 

PI 

8§i 

C4  <>i  < 

20UC 

2onc 

Avb. 

u  • 

gRB? 

CM  CM  CM  < 

CM  CM  < 

27DC 

27DC 

Avk. 

61 

O  O  > 
r«*  < 

2-58 


tetter.  .Etcr  «.teri.l  no.  signify:  »  -  Sev;  HC  -  Hew  end  CJe.ned;  D  -  U.ed;  OC,  -  O.ed  and  Cleaned 


